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NITRODERIVATIVES AS DRUGS FOR DISEASES HAVING AN INFLAMMATORY BASIS 

•k ie "k "k ie 

The present invention relates to compounds and the use 
thereof for diseases affecting the digestive apparatus, in 
particular the intestinal tract, specifically oolites, 
gastrites, enterites, duodenites and hepatopathies of various 
nature (on a viral, immune, dismetabolic basis due to 
intoxications from drugs such as paracetamol and other 
analgesic, antibiotic, antituraoural, antidepressive drugs, 
etc., alcohol, etc.). 

The digestive apparatus diseases are very diffused. 
While the therapy of the peptic ulcer has generally reached 
efficacy, the same cannot be said for other diseases 
affecting the digestive apparatus. For example it is known 
that yearly in the Unites States more than 25 million people 
suffer diseases affecting liver and gall-bladder and more 
than 26,000 people die owing to chronic hepatopathies and 
cirrhosis. Generally the therapeutical treatment is widely 
unsatisf atory . Among the compounds used for these treatments 

interferon a-2b can be mentioned, which allows the recovery 
in about 30-40% of the cases affected by chronic hepatitis B 
and 20-25% of those affected by chronic hepatitis C. 

However the interruption of the treatment causes a 
recidivism in 50-80% of the patients. Only 10% of the cases 

of hepatitis B are satisfactory with interferon a-2b. 
Another compound used for these pathologies is ribavirin, 
however the efficacy is not yet well known. Other used 
compounds are vaccines, which however are used only in the 
prophylaxis . 

For the cirrhosis treatment there are generally no 



-1- 



wo 02/30866 PCT/EPO 1/1 1664 

effective compounds. At present the treatment is above all of 
support and it can consist in a suitable diet, alcohol 
abstinence or in the administering of diuretics or vitamins, 

* 

The therapeutic treatment is generally unsatisfactory 
for the diseases affecting the intestinal tract such 
colites, duodenitesr enterites. For example the therapy with 
5 -amino salicylic acid and derivatives thereof is not fully 
effective. The use of steroidal compoxands (for example 
prednisolone and the like) can cause toxic symptoms or 
serious side effects. 

> 

It must be added that generally the pathologies on an 
inflammatory basis/ such as those above described affecting 
the digestive apparatus, are considered precancerous forms, 
since they can evolve into timioural processes. In the same 

■ 

way for the pathologies on an inflammatory basis, which can 
concern" different \ systems such the urogenital, respiratory 
apparatuses , the skin districts , etc . 

Therefore the treatment of these pathologies of 
inflammatory nature has a critical importance also in the 
prevention and in the treatment of tumoral diseases . 

The need was felt to have available compounds active in 

♦ ^ 

diseases on an inflammatory basis, in particular those 
affecting the digestive apparatus and for the prevention 
and/or treatment of the tumoral processes related to the 
above diseases. 

It has been surprisingly found by the Applicant that it 
is possible to solve the above technical problem with 
specific nitroderivatives as described hereunder. 

An object of the present invention is the use, for 
diseases on an inflammatory basis, of nitroderivatives or 
salts thereof having the following general formula (I): 

A-Xi-L-(W)p-N02l '(I) • 

I wherein: 

p is an integer equal to 1 or 0; 

-2" 
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A = R-Tj-f wherein 

R is the radical of a preciirsor drug and it has the 
following formulas: 



• s is an integer and is 1 or 0; 
R^ is Hf CH^ r 

Ri is OCORa, Rj being a Cj-Cj linear or branched 
radical, NHCOR3, wherein R3 has the above meaning, 
or Rj is OH, CH2CH(CH3)2# iphenyl, benzoyl, 4,6- 
dichlorophenylamino ; 

Rg is H, or an halogen atom, preferably fluorine; 
or Ri and Rg, when are located in the adjacent 
positions 4 and 5 of the aromatic ring of formula 
(AI), form the radical of following formula (Ala): 




(AI) 




(Ala) 



or R can be the following formula: 

O 
II 




(All) 
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= (CO)t or (X)t., wherein X = O, S, NRic. Ric is H 
or a linear or branched alkyl having from 1 to 5 
carbon atoms, t and t' are integers and equal to 
zero or 1, with the proviso that t = 1 when t' = 0; 
t = 0 when t' = 1; 
Xi = -Tb-Y-Tbi" wherein 

and are equal or different; 
Tb= (CO) when t = 0, Tg = X when t' = 0, X being as 
above ; 

Tbi= (CO)tx or (X)txx' wherein tx and txx have the 0 
or 1 value; with the proviso that tx = 1 when txx = 
0; and tx = 0 when txx = 1; X is as above; 
Y is a bivalent linking group selected from the 
following : 



(II) 

•wherein : 

nIX is an integer in the range 0-3, preferably 

1; 

mix is an integer in the range* 1-3, preferably 
1 • ■ • 

JL / ■ i 

: J 

Rtix' Rtix" Rtiix' Rtiix" equal to or different from 
each other are H or a C1-C4 lineeu: or branched 
alkyl; preferably Rnx, Rnx^ Rrux' Rrnx- are H; 

is a saturated, unsaturated or aromatic 
heterocyclic ring having 5 or 6 atoms, 
containing one or two nitrogen atoms, 
an alkylene group R* wherein R' is a Cj-Cjo 
linear or branched when possible, preferably 
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having from 2 to 6 carbon atoms, optionally 
substituted with one or more of the following 
groups: -NHCOR3/ wherein R3 is as above, -NHj, 
-OH or 

a cycloalkylene having from 5 to 7 carbon 
atoms, optionally substituted with side chains 
R * , R ' being as above , one or more carbon atoms 
of the cycloalJcylene ring can optionally be 
substituted by heteroatoms ; or 



•( CH^ ) 




(Ill) 

wherein n3 is an integer from 0 to 3 and n3 ' is 

* 

an integer from 1 to 3; 



HOOC 




(CH.) 



2^n3 



(•IV) 

wherein n3 and n3* have the aboVe meaning. 




(V) 



wherein 



R4 is hydroxy, hydrogen, RgO- alkoxy wherein R5 



-5- 



wo 02/30866 PCT/EPOl/11664 

is a Ci-Cio linear or branched or cyclic alkyl 

« 

group, preferably R5 is a methyl group; 
Rj is a C2-C10 linear or branched alJcenylene 
group which can contain one or more double 
bonds, preferably Rj is the ethenylene group 
(-CH=CH-); or 



^if R-if 

_ch-1:h-ch2- (0-ch-!:h-ch2) 



2 /nf 



6NO2 



(VI) 



— CH2-CH-CH2- (O-CHj-CH-CHj)!^ 



ONO. ONO2 



2 

(VII) 



R 



It 



CH-CH2-(0-CH-CH2)„7 

R. 



•If 



(VIII) 



R 



If 



— CH2-CH- (0-CH2-CH)„7 



R 



If 



(IX) 
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wherein R^^ = H, CHj and nf is an integer from 0 

to 6; preferably from 0 to 4; 
L = covalent bond/ or L == X , X being as above, or-L = 
CO; 

W = YjO wherein has the same meanings of Y but in the 
compound of formula (I) Y^ is equal to or different from 
Y. Preferably Y^ is different from Y. 

The diseases on an inflammatory basis are those 
particularly affecting the digestive apparatus, preferably the 
intestinal tract, such as for example oolites, gastrites, 
enterites, duodenites; besides epatopathies and tumoral 
processes related to diseases on an inflammatory basis, 
l! When in formula (AI), is an acetyl oxy group in 

W position 2 of the ring, s = 0 and Rg = H and the free valence 
of the radical R is saturated with the -COOH group, the 
compovind is known as Acetylsalicylic Acid, 

i ' 

' : \ when in formula (AI) R^ is- an hydroxyl group in position 
2 of the ring, s = 0 and Rg = H and the free valence of the 
radical R is saturated with a -COOH group, the compound is 
known as Salicylic Acid^ 

when in formula (AI) R^ is an acetylamino group in 
position 4 of the ring, s = 0 and Rg = H and the free valence 
is saturated with an -OH group, the compoxind is known as 
Paracetamol , . / . 

when in formula (AI) Ri is CH2CH(CH3)2 in position 4 of the 
ring, s = 1, Rai - CH3 and Rg « H and the fre valence is 
saturated with a -COOH group, the compound is known as 
Ibuprofen, 

when in formula (AI) R^ is phenyl and it is in position 4 
of the ring, s = 1, R^ = CH3 and Rg = F in position 3 and the 
free valence is saturated with a -COOH group, the compound is 
known as Fl\irbiprof en, 

when, in formula (All) the free valence is saturated with 

r — '! 

the -COOH group, the compound is known as Sulindac; 
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when in formula . (AI) and Rg are the radical of 
formula (Ala) and they are connected with the positions 4 and 
5 of the ring, s = 1, R^i = CH3, Rg = H and the free valence 
is saturated with a -COOH group, the compound is known as 
Naproxen ; 

when in formula (AI) R^ is a benzoyl radical in position 
5 of the aromatic ring, s = 1, R^j = CH3, Rg = H and the free 
valence is saturated with a -COOH group, the compound is known 
as Ketoprofen; 

when in formula (AI) Rj = 2,6-diclorof enilammino in 
position 2 of the ring, s == 1, R^j = H, Rg = H and the free 
valence is saturated with a -COOH group,, the compound is known 
as Diclofenac. 

Preferably in formula (II) of the linking group Y of 
in formula (I) is selected from the following bivalent 
radicals : 




(yi2) (Y13) {Y14) (Y15) 



Preferably Y^ . is an aromatic ring having 6 atoms, 
containing one nitrogen atom, said aromatic ring having the 
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two- free valences respectively in the positions 2 and 6, or 2 
and 3 or 2 and 5 with respect to the heteroatom. 

The preferred of is Y12 (pyridyl) substituted as ajDove 
indicated. The bonds can also be in an unsyitimetrical position, 
for example Y12 (pyridyl) can be siabstituted also in position 
2 and 3; Yl (pyrazol) can be 3, 5-disubstituted. 

The preferred compounds are those wherein in formula (I): 
when in formula (AI) s = 0 and Rg = H: 

R is a radical of formula (AI) wherein the 
substituent R^ is in position 2 of the aromatic 
ring, and it is selected between acetyloxy or 
hydro3<yl, or it is an acetylamino group and then it 
is in position 4; -Ti-Tg- is a -CO-0- or -0-OC- 
ester group; Y of the radical Xj^ is a bivalent 
linking group selected from the following: 

a radical of formula (III) as above, wherein 
n3 = 0 and n3' = 1, 

a radical of formula (II) as above wherein Y^ 
is Y12 as. above defined, 

a radical of formula (VTII) as above wherein R^ 

is hydrogen and nf = 1 ; 
Tflx = L = covalent bond; p = 0; 

R is a radical of formula (AI) wherein the 
substituent R, is in position 2 of the aromatic 
ring, and it is selected between acetyloxy or 
hydroxyl, or it is an acetylamino group and then it 
is in position 4; -T^-T^- is a -CO-O- or -0-OC- 
ester group; Y of the radical is a bivalent 
linking group having formula (V) as above wherein R4 
is a methoxyl group and R2 = -CH=CH-; -Tb^^-L- is a 
-CO-O- or -0-OC- ester group; p = 1; W = YO 
wherein Y is -(CHj)^- or -(^2)3-; 

-9- 
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R is a radical of formula (AI) wherein the' 
substituent is in position 4 of the aromatic 
ring, and it is acetylamino; -Ti-Tb- = -0-C0-; Y of 
the radical is -(^3)3-; -Tbi-Ii-= -O- (L = covalent 
bond) ; P = 0; 

R is a radical of fomula (AI) wherein the 
substituent R^ is in position 4 of the aromatic 
ring, and it is acetylamino; -T^-Tb- = -0-CO- ; Y of 
the radical is an ethylene group substituted with 
an acetylamino group: -CH(NHC0CH3) -CH2- ; -Tqi-L- = - 
S-CO-; p = 1; W = YO wherein Y is -(CH2)3-; 
when in the formula (AI) s = 1: 

- R is a radical of formula (AI), Rg = H or F in 
position 3 of the ring, Ri = CH2CH{CH3)2 or phenyl 
in position 4, -T^-T^- is a -CO-0- ester group; Y of 
the radical X^ is a bivalent linking group having 
formula (V) as above wherein R4 is a methoxyl group 
and R2 = -CH=CH-; -Tbi-L- is a -CO-0- ester group; p 
= 1; W = YO wherein Y is -(CH2)3-; 
. when in formula (I) R is a radical of formula (All), 

-Tj-Tb- =|1-co-0-; Y of the radical X^ is a bivalent 

• j 

linking group selected from the following: 

a radical of formula (II) as above wherein Y3 is Y12 

as above, ; I 

-(CH,)4-; 

-Tbi-= -O- , L = covalent bond; p = 0. 

The preferred compounds according to the present 
invention are those wherein: 

the drug radical has formula (AI) and the compounds of 

formula (I) are the following: 
2- (acetyl oxy) benzoic acid 3- (nitrooxyme thy 1) phenyl ester, 
2 -( hydroxy ) benzoic acid 3- (nit rooxyme thy 1) phenyl ester, 
2 -( acetyloxy ) benzoic acid 4- (nitrooxyme thy 1) phenyl ester, 

-10- 
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2- (hydroxy) benzoic acid 4- (nitroo^cymethyl ) phenyl ester, 

2- (acetyloxy) benzoic acid 2- (nitrooxyinethyl)phenyl ester, 

2- (hydroxy) benzoic acid 2- (nitrooxymethyl) phenyl ester, 

2 - ( acetyloxy ) benzoic acid 6 - ( nitrooxymethyl ) - 2 -methyl pyr i - 

dinyl ester hydrochloride, or nitrate, 

2 - ( hydroxy ) benzoic acid 6 - ( nitrooxymethyl ) - 2 -methyl pyridinyl 
ester hydrochloride, or nitrate, 

2 - ( acetyloxy ) benzoic acid 5 - (nitrooxymethyl ) - 2 -methyl pyr i - 
dinyl ester hydrochloride, or nitrate, 

2 - ( hydroxy ) benzoic acid 5 - ( nitrooxymethyl ) - 2 -methyl pyridinyl 
ester hydrochloride, or nitrate, 

2 - ( acetyloxy ) benzoic acid 3 - ( nitrooxymethyl ) - 2 -methyl pyr i - 

> 

dinyl ester hydrochloride, or nitrate, 

2 - (hydroxy ) benzoic acid 3 - (nitrooxymethyl ) - 2 -methyl pyridinyl 
ester hydrochloride, or nitrate, 

trans - 3 - [ 4 - [ 2 - ace tyloxybenzoyloxy ] - 3 -me thoxyphenyl ] - 2 - prope - 
noic acid 4- (nitrooxy)butyl ester, • \ 

trans - 3 - [ 4 - [ 2 -hydroxybenzoyloxy ] - 3 -me thoxyphenyl ] - 2 -propenoic 
acid 4- (nitrooxy)butyl ester, 

4- (nitrooxy)butanoic acid 4- (acetylamino) phenyl ester, 
trans - 3 - [ 4 - ( 4 ' - ni tr ooxybu tyry loxy ) - 3 - me thoxyphenyl ] - 2 - prope - 
noic acid 4- (acetylamino) phenyl ester. 



3- 
4- 
2- 
5- 
no 
6- 

* 

no 
3- 
no 
5- 
no 



nitrooxymethyl) -benzoic acid 4- (acetylamino) phenyl ester, 
nitrooxymethyl) -benzoic acid 4- (acetylamino) phenyl ester, 
nitrooxymethyl) -benzoic acid 4- (acetylamino) phenyl ester, 
nitrooxymethyl )pyridin- 2 -carboxylic acid 4 - ( acetyl ami - 
phenyl ester, 

nitrooxymethyl ) -pyridin- 2 - carboxylic acid 4 - ( acetyl ami - 
phenyl ester, 

nitrooxymethyl ) -pyridin - 2 - carboxylic acid 4 - ( acetylami - 
phenyl ester, 

nitrooxymethyl ) -pyridin- 2 - carbo3<ylic acid 4 - ( acetylami - 
phenyl ester. 



-11" 
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5 - ( ni trooxymethyl ) pyr idin - 2 - acetic acid 4 - ( acetylamino ) phenyl 
ester , 

6- (ni trooxymethyl )pyridin- 2 -acetic acid 4- (acetylainino)phenyl 
ester, 

3- (nitrooxymethyl)pyridin-2-acetic acid 4- (acetylamino) phenyl 
ester, 

3 - [ ( 2 -nitrooxy ) ethyloxy Jpropanoic acid 4 - (acetylamino) phenyl 
ester, 

trans 3 - [ 4 - ( 4 ' -ni trooxybutyryloxy ) - 3 -methoxy ] phenyl - 2 - prope - 
noic acid 4- (acetylamino) phenyl ester, 
. 2 - { acetylamino ) - 3 - ( 4 - ni trooxybutyryl ) - 3 -mercaptopropanoic acid 

4- (acetylamino) phenyl ester, 

trans - 3 - [ 4 - [ a-me thyl - 4 - ( 2 -me thylpt opyl ) phenylacetyloxy ] - 3 - 
methoxyphenyl]-2-propenoic acid 4-nitrooxybutyl ester, 

trans 3 - [ 4 - [ 2 - f luoro - a-me thyl (1,1'- biphenylyl ) - ace tyloxy ] - 3 - 
methoxyphenyl] -2-propenoic acid 4-nitrooxybutyl ester, 
(S) 6-metoxy-a-methyl-2-naphtalenacetic acid 2-methoxy-4- 
[ (IE) -3- [4- (nitrooxy)butoxy] -3-0X0 -1-propenyl] phenyl ester, 
(S) 6-metoxy-a-methyl-2-naphtalenacetic acid 3- (nitrooxy 
methyl) phenyl ester, 

' ( s ) 6 -metoxy -a-me thyl - 2-naphtalenacetic acid 6 - (nitrooxy 
methyl ) - 2 -methylpyridinil ester , 

(S,S) -N-acetyl-S- (6-metoxy-a-methyl-2-naphtaleneacetyl) 
cysteine 4- (nitrooxy ) butyl ester, 

2 - [ ( 2 , 6 -dichlorophenyl ) amino]benzeneacetic acid 6 - (nitro 
oxymethyl) -2-methylpyridinil ester chloridrate, 

The drug radical has formula All and the compounds of 

formula (I) are the following: 
( Z ) - 5 - f luoro - 2 - methyl - 1 - [ [ 4 - ( methyl sulphinyl ) phenyl ] methyle - 

* 

ne] -IH-inden- 3 -acetic acid 4- (nitrooxy) butyl ester, 
(Z) -5-f luoro-2-methyl-l- [ [4- (methylsulphinyl)phenyl] methyle- 
ne] -lH-inden-3-acetic acid 6- (nitrooxymethyl) -2-methylpyri- 
■ dinyl ester hydrocloride , or nitrate, 

-12- 
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( Z ) - 5 - f luoro - 2 -methyl - 1 - [ [ 4 - (methylsulphinyl ) phenyl ] methyle - 
ne] -IH-inden- 3 -acetic acid 5- (nitrooxymethyl) -2-inethylpyri- 
dinyl ester hydrocloride/ or nitrate, 

( Z ) - 5 - f luoro - 2 -methyl - 1 - [ [ 4 - (methylsulphinyl ) phenyl ] methyle - 
ne] -IH-inden- 3 -acetic acid 3- (nitrooxymethyl) -2-methylpyri- 
dinyl ester hydrocloride , or nitrate. 

Other precursors of the general formula A = RtT^- wherein 
the free valence is saturated with -OH, that can be used for 
obtaining the compounds of formula (I) are the following: 

( S ) - Benzenepropanoic acid , 4 - [ 2 - ( 2 - benzoxazolylmethyl 
amino jethoxy]-.-(2-ethoxy) of formula (XX): 

COOH 




: I 



OCH2CH3 i ; 



(S) -Benzenepropanoic acid, 4- [ 2- ( 2 -benzoxazolylmethyl 
amino)ethoxy]-. -( 2,2,2 -tr if luoroethoxy) of formula (XXI): 




COOH 



OCH2CF3 



(XXI) 



Compounds (XX) and (XXI) are described in PCT Patent 
Application WO 97/25042; 

L-Tyrosine, N- ( 2-benzoyl phenyl ) -O- [2 - (methyl- 2-pyridinyl 
amino) ethyl] of formula (XXII): 



COOH 




(XXII) 
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The above compound is described in PCT Patent Application 
WO 97/31907; 

Prosta-5,9,12,14-tetraen-l-oic acid, 11-oxo-, (5Z,12E, 
14E) ( 15 -Deoxy Al2, 14 -prostaglandin) of formula (XXIII): 



COOH 




(XXIII) 

( 2S , SST) - 4 - ( 4 - ( 4 - carboxyphenyl ) butyl ) - 2 -heptyl - 4 - oxo- 5 - 
thiazolidine N^N-dibenzylacetamide of formula (XXIV): 




COOH 



(PhCH2)2N 

(XXIV) 

The above compound is described in Proc. Natl- .Acad* Sci 
1999/96(11), 6102-6106. 

The bivalent radical precxirsors of formula (II) are for 
example those wherein the two free valences are saturated with 
two hydroxyl groups, or with one hydroxyl group and one 
carboxylic group. These compounds are available on the market. 

When the drug radical R or the bivalent radical Y and/or 
W as above ■ defined contain one or more asymmetric carbon 
atoms, the corresponding precursors can be used in the 
synthesis of the compounds of the invention both in racemic 
form and as single optical isomers. 

When in the molecule of the compounds of the invention 
(formula I) a salifiable functional group, for example em 
amino or heterocyclic nitrogen is present, it is possible to 
use the corresponding salts. The latter are obtained by 

■ 

reaction in organic solvent such as for example acetonitrile. 



-14- 



wo 02/30866 PCT/EPOl/11664 

tetrahydrofuran, with an equimolecular amount of the 
corresponding organic or inorgemic acid. 

Examples of usable organic acids aire the following: 
oxalic, tartaric, maleic, succinic, citric acid. 

Examples of usable inorganic acids are the following: 
nitric, hydrochloric, sulphuric, phosphoric acid. Nitric and 
hydrochloric acid are preferred. 

The compounds of the invention,-, as said, develop a marked 
protective action towards hepatopathies and in general towards 
diseases affecting the digestive apparatus, in particular the 
intestinal tract, in particular colites, gastrites, enterites, 
duodenites and. hepatopathies. It has been fotmd that the 
compounds of the invention in comparison with • native 
precursors not only are not toxic as to the digestive 
apparatus, but unexpectedly they are ible to prevent or reduce 
jthe diseases affecting this apparatus. For example the 
paracetamol .efficacy as analgesic is Imown, however this 
compound causes damages at . hepatic level (hepatic toxicity). 
The iparacetamol nitrooxy derivatives according to the 
invention, besides being effective analgesic drugs, have no 
hepatic toxicity, but they are also able to prevent or reduce 
already existing hepatic damages. 

The results obtained with the compounds of the invention 
are still more surprising if one considers;/ that by using 
another NO donor such for example sodiiun nitroprussiate in 
pathologies affecting the digestive appeiratus, there is no 
protection, on the contrary an hepatic damage occurs. 
Besides, this drug causes high hypotension. 

As said, the compounds of the invention have a 
beneficial action also on tiimoral processes, when used in the 
prophylaxis or in the therapy. As said, the pathologies on an 
inflammatory basis are considered precancerous forms, being 
able to subsequently evolve into tumoral processes. The 
pathologies on an inflammatory basis can involve various 
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systems such as the urogenital, respiratory, skin, digestive 
system, etc. 

Therefore the treatment of these pathologies . of 
inflammatory nature has a critical importance also in the 
prevention and in the treatment of tumoral diseases. 

In the treatment of tumoral diseases the compounds of 
the invention can be used alone or in combination, with Icnown 
antitumoral treatments, such for example the administering of 
chemotherapeutic drugs, for example cis -platinum; adriamycin 
etc . , or the radiotherapeutic treatment . 

It has unexpectedly been found by the Applicant that 
the compounds of the invention, when used in combination with 
the above tumoral treatments, synergically enhance the 
therapeutic effect. !! i? 

The administering of the compounds of the invention can 
be made contemporaneously with the chemotherapeutic or 
radiothierapeutic treatments, or previously or subsequently to 
the chemotherapeutic or radiotherapeutic treatments. 

Preferably the compoxinds of the invention are used fpr 
the treatment and/or prevention of the tumoral process 
affecting the digestive apparatus. .The preferred compounds 
are the above ones. 

The coropqunds of the invention are prepared/ /according to 

■ 

known methods of the prior art. 

In general if in the drug molecule or in the molecules of 
the radicals Y and W more reactive groups such as for example 
COOH and/or HX are present, they must be protected before the 
reaction according to the known procedures of the prior art; 
for example as described in the volume by Th. w. Greene: 
"Protective groups in organic synthesis", Harward University 
Press, 1980. 

Acyl halides aire prepared according to known procedures 
, of the prior art, for example by thionyl or oxalyl chloride, 
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halides of P"^ or in solvents inert under the reaction 

conditions, such for example toluene, chloroform, IMF, etc. 

1)" When in formula (I) L is a covalent bond and p = 0,- and 
the free valence of the drug radical R is saturated with 
a carboxylic group, the synthesis methods for obtaining 
the corresponding nitrooxyderivatives are the following: 

l.a) The acyl halide of the drug of formula R-CO-Cl. is reacted 
with an halogenalcohol of formula HO-Y-Hal, wherein Y is 
as above and Hal is halogen (CI, Br, I). 

R-COCl + HO-Y-Hal > R-CO-O-Y-Hal (lA) 

l.b) Alternatively, the reaction can be carried out by 

reacting the sodium or potassium salt of the drug with a • 
dihalogen derivative of general formula Y(Hal)2# wherein 
Y and Hal are as cdDove defined. 

R-COONa + Hal-Y-Hal > R-CO-O-Y-Hal (IB) 

l.c) Or the drug of formula RCOOH is treated with an agent 

activating the carboxyl selected from N,N'carbonyl 

' diimidazol (GDI), N-hydroxybenzotriazole and dicyclo- 

he^Qrlcarbodiimide in solvent such for example, DMF, THF, 

• --■ • 

chloroform'/ etc. at a temperature in the range -5°C-50''C 

» • 

and reacted in situ with a compo\and HO-Y-Hal, wherein Y 

. .. . - 

and Hal are as above defined. 

GDI, HO-Y-Hal 

RCOOH -> R-CQ-O-Y-Hal (IC) 

l.d) Alternatively, the acyl halide of the drug is reacted 
with a compound HO-Y-OH, wherein Y is as above, in the 
presence of a base, in an organic solvent inert under the 
reaction conditions according to the scheme reported 
hereunder : 

RCOHal + HO-Y-OH > R-COO-Y-OH (ID) 

l.e) Alternatively to the previous syntheses the acyl halide 
of the drug is reacted with a compound HO-M-CHO, wherein 
M is an aromatic ring having 6 carbon atoms, or a radical 
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as above, in the presence of a base, in an organic 
solvent inert under the reaction conditions according to 
the scheme reported herevinder: 

RCOHal + HO-M-CHO > R-COO-M-CHO 

The obtained compoauid is subjected to hydrogenation in 
the presence of palladium on carbon to give the 
corresponding alcohol: 

Hj/Pd-C 

R-COO-M-CHO -> R-COO-Y-OH 

wherein Y is as above defined, 
l.f) When the products obtained in the above reactions have 
formula R-COO-Y-Hal the corresponding nitrooxyderivatives 
are obtained by reacting the compound R-CO-O-Y-Hal with 
AgNOa in organic solvent such as acetonitrile, 
tetrahydrofuran according to the scheme: 

R-COO-Y-Hal + AgNOj R-COO-Y-ONO2 

1 . g ) When the compoimds obtained in the above reactions have 
formula R-COO-Y-OH the corresponding nitroo3<yderivatives 
can be obtained by treatment with f\aming nitric acid in 
organic solvent under anhydrous conditions and in inert 
atmosphere, in the presence of an inorgemic acid 
different from the nitric acid, or with an organic acid, 
or of an anhydride of one or two organic acids. 
l.h) Alternatively, in the compound of formula R-COO-Y-OH the 
hydroxyl group is subjected to halogenation, for example, 
with PBrj, PCI5, SOCI2, PPhj + Ij, and then reacted with 
AgNOj in organic solvent ' such as acetonitrile , 
tetrahydrof \iran . 
2) When in formula (I) L is a covalent bond and p = 0, and 
the free valence of the radical R of the drug is 
saturated with a hydroxyl group, the synthesis methods 
for obtaining the corresponding nitrooxyderivatives are 
the following: 
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2. a) By reaction of the drug of formula R-OH with an acyl 
•halide of formula Hal-Y-COHal, wherein Y and Hal are as 
above, according to the scheme: 

R-OH + Hal-Y-COHal R-OCO-Y-Hal (2A) 

2,b) By reaction of the drug of formula R-OH with an acyl 
halide of formula OH-Y-COHal, wherein Y and Hal are as 
eibove, according to the scheme: 

R-OH + Hal-Y-CCX:i -> R-OCO-Y-OH (2B) 

2. C) When the compoiinds obtained in the above reactions have 

fonmila R-OCO-Y-Hal or R-OCO-Y-OH the corresponding 
nitrooxyderivatives are obtained as described in l.f and 
l.h respectively. 

■ 

3. When in formula (I) p = 1 and L = X, wherein X is as 
above, or L = CO, and the free valence of the radical R 
of the drug is saturated with a carboxylic group, the 
synthesis methods for obtaining the corresponding 
nitrooxyderivatives are the following: 

3. a) By reaction between the acyl halide of the drug and the 
compo\and of formula HX-Y-COOH, wherein X and Y are as 
above defined, according to the known methods of the 
prior art, to give the compound R-CO-X-Y-COOH which is 
transformed into the corresponding sodium salt and 
reacted with a compound of formula Hal-Y^-Rs wherein Hal 
and Yt are as above and R^ is CI, Br, Iodine, OH: 

R-COHal + HX-Y-COOH > R-CO-X- Y-COOH (3. A) 

R-CO-X-Y-COONa + Hal-Yj-Rg > R-CO-X-Y-CO-Y^-Rb. ( 3 . A' ) 

If .Re = OH the compound of formula (3. A') is subjected to 
halogenation as described in l.h); if Ra = Hal the 
compoxind of fprmula (3. A') is reacted with AgNOj in 
organic solvent such as acetonitrile, tetrahydrof uran: 

3.b) When Yt is a C4 linear alkylene, the acid of formula 
(3. A) is reacted with triphenylphosphine in the presence 
of an* halogenating agent such as CBr4 or N- 
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bromosuccinimide in tetrahydrofiiran to give the compound 
of formula (3. A') wherein = Br which is transformed 
into the corresponding nitrooxyderivative as described in 
l.h. 

4) When in formula (I) p = 1 and L = X or CO, and the free 
valence or the radical R of the drug is saturated with an 
hydroxyl group, the synthesis methods for obtaining the 
corresponding nitrooxyderivatives are the following: 

4. a) Reaction of the drug of formula R-OH with an acyl halide 
of formula HX-Y-COHal, wherein X and Y are as above 
defined, according to the known methods of the prior art, 
to give the compound R-O-CO-Y-XH which is reacted with a 
compound of formula Rg-YT-CGHal wherein Rg and Y^ are as 
above . 

* 

R-OH + HX-y-COCl R-O-CO-Y-XH (4. A) 

4 

R-O-CO-Y-XH + Ra-YTCO-Hal---> R-O-CO-Y-X -CO-Yt-Rb (4A' ) 
4.b) Alternatively, the drug of formula R-OH is reacted with a 
compoiand of formula HX-Y-COOH, wherein X and Y are as 
above, in the presence of dicyclohexylcarbodiimide as 
described in l.c, to give the ' compoxind R-O-CO-Y-XH, which 
is reacted with a compound of formula Rg-YT-COCl wherein 
Rg and .Y^ are as above defined to give the following 
compoxand: R-O-CO-Y-X-CO-Yy-Re (4.B). 

When Rg = OH. the compound of formula (4.B) or of formula 
(4A') is subjected to halogenation as described in 1-h); 
if Rg = Hal the compound of formula (4.B) is reacted with 
AgN03 in organic solvent such as acetonitrile , 
tetrahydrof uran . 

The compounds of the present invention are formulated in 
the corresponding pharmaceutical compositions for parenteral, 
oral and topical use according to the well known techniques in 
the field, together with the usual excipients; see for example 
the volijunae "Remington's Pharmaceutical Sciences 15a Ed.". 
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The amount on a molar basis of the active principle in 
these formulations is the same, or lower, with respect to that 
used as antiinflammatory and/or analgesic drug of . the 
corresponding precursor drug. 

The daily administrable doses are those of the 
antiinflammatory and/ or analgesic precursor drugs, or, in 
case, lower. The daily doses can be found in the literature of 
the field, such as for example in "Physician's Desk 
reference" . 

The following Examples illustrate the invention and they 
aire not limitative of the scope of the same. 

EXAMPLES 

Synthesis of 2 - acetyloxybenzoic acid 6 - {nitrooxymethyl ) - 2 - 
methylpyridinyl ester hydrochloride of formula: 



O HCI 




K\ Synthesis of 2 . 6-bi a- f c hloromethvl ^pyridine 

To thionyl chloride (11.6 ml, 158 mmoles), cooled at 0^*0, 
2, 6- bis - (hydroxymethyl) pyridine (4 g, 28 mmoles) is added very 
slowly. The obtained solution is left under stirring for 2 
hours at room temperature, then the thionyl chloride in excess 
is evaporated at a reduced pressure. The obtained residue is 
treated with chloroform and it is evaporated again at a 
reduced pressure to remove the thionyl chloride residues. The 
raw product is treated with chloroform and washed with water. 
The organic phase is anhydrif ied with sodium sulphate and 
dried obtaining 4,8i g of the product as white solid having 

melting point - ve-VS^'C. 
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B ) fiynhlifiis of 2 - acet vloxybenzn ic acid S- f chloromethvl ) ^■2■-Tne- 
^^Y^ PYT-ifiinvl ester 

To a solution of acetylsalicylic acid (1-6 g, 8.88 
romoles) in N,N' -dimethylf ormamide (20 ml) and under stirring 
sodium ethylate (0.64 g, 8.88 mmoles) is added* After 30 
minutes the obtained solution is added to a solution of 2,6- 

» 

bis-.{chloromethyl)pyridine (4.72 g, 26.81 mmoles) in N,n; - 
dimethyl formamide (20 ml). The solution is lef t . at room 
temperature for 7 days, under stirring, then it is diluted 
with ethyl e.ther and washed with water. The separated organic 
phases are anhydrif ied with sodiiam sulphate and the solvent is 
evaporated at a reduced pressure. The reaction raw product is 
purified by chromatography on silica, gel eluting with n- 
hexane/ethyl acetate 7/3. 1.7 g of the product as yellow oil 
are obtained. 

^H-NMR (200MHz) (CDCI3): 8.10{lH,d); 7.74(lH,t); 7.57(lH,t); 
7.42(lH,d); 7.33(2H,m); 7.11(lH,d); 5.42(2H,s); 4.67(2H,s); 
2.41{3h;s). 

C^ Synthesis of 2-acetvloxvbenzoic acid 6- f nitrOQXvmethvl) -2- 
)^nethylpY rid^nYl ester 

To a solution of 2 - acetyloxybenzoic acid 6-{chloro- 
• methyl) -2-me thy Ipyridinyl ester (1.5 g, 4.7 mmoles)\in aceto- 
nitrile (20 ml) kept vmder stirring, silver nitrate (1.3 g, 

7-65 mmoles) is added. The solution is headed up to 80°C, 
maintaining it sheltered from light, under stirring for 30 
hovirs. The formed silver chloride is filtered, the solvent is 
evaporated. The reaction raw product is purified by 
chromatography on silica gel eluting with n -hexane/ethyl 
acetate 7/3. 1.2 g of product as yellow oil are obtained. 
^H-NMR •(200MHz) (CDCI3): 8.10(lH,d); 7.74(lH,t); 7.57(lH,t); 
7.42(lH,d); 7.33{2H,m); 7.11(lH,d); 5.60(2H,s); 5.42(2H,s); 
2.41(3H,s). 
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D ) Synthesis of 2 ■ acetyl oxybe riT^nig acid 6- f nitrQQXVmethvl ) -2- 
ineth yTpyridinyl ester hydrochloride 

To a solution of 2-acetyloxybenzoic acid ; | 6- 
(nitrooxyinethyl)-2-inethylpyridinyl ester (1 g, 2.88 mmoles) in 

ethyl' acetate (20 ml) cooled at O^'C, a solution of ethyl 
acetate/HCl 5M is added dropwise under stirring. It is left 
for 1 hour at 0°C, then the temperature is let .reach room 
values. The formed precipitate is filtered and washed with 
ethyl ether- 900 mg of solid product are obtained. 
Elementary analysis 
• Calculated C 50.21% H 3.95% N 7.31% CI 9.26% 

Found C 50.23% H 3.97% N 7.29% CI 9.20% 

NMR (200MHz) (CDCI3): 8.10 (2H, m) ; 7.7 (IH, t); 7.56(2H, 
d); 7.48 (IH, t); 7.30(1H, d); 5.74 (2H, s); 5.43 (2H, s); 
2.20 (3H, 3)1 

Synthesis of 2-acetyloxybenzoic acid 6- (nitrooxyinetljyl) -2- 
methylpyridinyl ester nitrate of formula: 

O 



ONOj 





The 2-acetyloxybenzoic acid 6 - (nitrooxymethyl ) - 2 -methyl 
pyridinyl ester nitrate is obtained starting from the 2- 
acety loxybenzoic acid 6 - ( nitrooxymethyl ) - 2 -methylpyr idinyl 
ester isolated at step C) of Example 1. 

To' a solution of 2-acetyloxybenzoic acid-6- (nitrooxy- 
methyl) -2-methylpyridinyl ester (1 g, 2.88 mmoles) in aceto- 
nitrile (10 ml) cooled at O^Q, a solution of nitric acid 65% 
(0.2 ml) in acetonitrile (2 ml) is added dropwise under 
stirring i It is left for 2 hours at 0°C, then the temperature 
' is let reach the room temperature. The formed precipitate is 
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filterecl and washed with ethyl ether. One gram of product as a 
solid is obtained. 
Elementary analysis 

Calculated C 46.95% H 3.69% N 10.26% 
Found C 46.99% H 3.72% N 10.22% 

NMR (200MHz) {CDCI3) : 8.10 (IH, d) ; 7.9 (IH, t); 7.79(1H, 
t); 7.5 (3H,.m); 7.30(1H, d); 5.73 (2H, s); 5.42 (2H, s); 2.20 
(3H, s). 

Syrithesis of 2 -acetyloxybenzoic acid 5 - (nitrooxymethyl ) - 2 - 
methylpyridinyl ester hydrochloride of formula: 




The 2 - acetyloxybenzoic acid 5 - ( nitrooxymethyl ) - 2 -methyl - 
pyridinyl ester hydrochloride is synthesized according to the 
process described in Example 1, starting from acetyl 
salicylic acid and 2, 5-bis(chloromethyl )pyridine. 
Synthe sis of 2 , 5 -bis (chloromethvl ) -pyridine 

The compound V\is synthesized according to the process 

• » 

described in Example 1 A) starting from 2,5-pyridin- 
dimethanol, sinthesized in its turn by reduction with NaBH^ 
of di-ethyl-2,5-pyridin dicarboxylate in ethanol as described 
in patent JP 48029783. 
ElementairY analysis 

Calculated 50.21% H 3.95% N 7.32% CI 9.26% 

Found C 50,19% H 3.92% N 7.37% CI 9.28% 
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Synthesis- of 2-acetyloxybenzoic acid 3- (nitrooxymethyl) -2 
methylpyridinyl ester hydrochloride of formula: 




The 2- acetyl oxybenzoic acid 3-.(nitrooxymethyl) -2-methyl- 
pyridinyl ester hydrochloride is synthesized according to the 
proceSjS described in Example 1/ starting from acetyl 
salicylic acid and 2, 3- bis (chloromethyl) pyridine • 
A) Synthe sis nf 2 . 3 -bis ( chloromethvl ) -pyridine 

The compound is synthesized according to the process 
described in Example 1 A) starting from 2,3-pyridin 
dimethanol, synthesized in its turn by reduction with LiAlH^ 
of di-methyl-2,3-pyridindicarboxylate in ethanol as described 
in J. Chem. Soc, Perkin Trans. 1 (1972), (20), 2485-2490. 
Elementary analysis 

Calculated C 50.21% H 3.95% N 7.32% CI 9.26% 
Found C 50.25% H 3.93% N 7.30% CI 9.29% 

Synthesis of 3-nitrooxymethylphenyl ester of the 2-acetoxy- 
benzoic acid 




ONO, 
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A) Preparation of 3 -hvdrQ-KyT"P>f.hvl phenyl — ester q£ — thQ — 2jl 
acetopcybenzoic acid 

3 -hydroxyniethylphenol (10 g, 0.08 moles) is dissolved in 
•toluene (50 ml) containing triethylamine (9.8 g, 0.1 moles) - 

To the so obtained solution, a solution of the 
acetylsalicylic acid chioride (16 g, 0.08 moles) in toluene 
(50 ml) is added under stirring at the temperature of 5-10°C. 
The mixture is maintained at a temperature within the above 

m 

range, under stirring for 2 hours, then poured into water and 
then extracted with dichloromethane (2 x 100 ml). The organic 
phase is separated, washed in sequence with a solution of 
' 1 potassium carbonate at 25% w/v, with water, with a 3% 
hydrochloric acid solution and finally again with water, then 
anhydrified with sodium sulphate and the solvent evaporated 
under reduced pressure. The residue is crystallized from 
i sopropanol . . 3-hydroxymethyl phenyl ester of the 2- 
acetoxybenzoic acid (45.8 g, 0.16 moles, yield 80%) is 
obtained. 

M.p.: 79"81«C. 

.^H lsnyiR(CDCl3) 5 (ppm): 2.29 (s, 3H); 4.71 (s, 2H) ; 7.07-8,2 (m, 
aromatics, 8H) . 

•J 

r\) Nitration with fuming nitr ic acid. in the presence Of. 

flulphuric acid, of 3 -hy droxymethvl phenyl estey q£ SJie 2ji 

acf^toxvb enzoic acid : 

■ \ 

A solution of fuming nitric acid (3.92 g, 62.2 mmoles, 3 
moles with respect to the moles of the hydroxyest'er under 
reaction.) and sulphuric acid 96% (6.10 g, 62.2 mmoles, 3 moles 
with respect ^ to the moles of the hydroxyester under reaction) 

in dichloromethane (25 ml) is cooled to 0**C and added in one 
hour time under stirring and under nitrogen atmosphere, with a 
solution of 3-hydroxymethylphenyl ester of the 2-acetoxy- 
benzoic acid (6 g, 20,7 mmoles) in 25 ml of dichloromethane- 

■ 

• The mixture is then diluted with dichloromethane (50 ml) and 
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poured into water and ice (100 g). The organic phase is 
separated, washed with water, anhydrified with spdium sulphate 
and the solvent evaporated under reduced pressure. The residue 
is crystallized from isopropanol obtaining the 3- 
nitrooxymethylphenyl ester of the 2-acetoxybenzoic acid (5.6 
g, 17 mmoles, yield 82%). 
M.p.: 61-62**C. 

NMR(CDCl3jA 8 (ppm): 2.31 (s, 3H); 5.44 (s, 2H) ; 7.16-8.22 
(m, aromatics, 8H) . 

. Synthesis of 2- (acetyloxy)benzoic acid 4- (nitrooxymethyl) 
phenyl ester 




A) Synthesis of 2- ( acetoxy Vbenzoic acid 3 - ( f ormvl )phenvl ester 
To a mixture of 4-hydroxybenzaldeide (20.75 g, 0.17 
moles) and triethylamine (0.205 g, 2.4 iranoles) in methylene 
chloride (300 ml) kept under stirring, under nitrogen inert 

atmosphere, cooling at a temperatxare in the. -range -5°C-0°C, 

\ \ 

acetylsalicyloil chloride (41.25 g, 0.21 moles) is added in 
small aliquots in one hour. After 15 minutes water (250 ml) is 
added and the phases are separated. The aqueous phase is 
recovered and separately extracted with methylene chloride. 
The organic phases are mixed together, they are washed with a 
5% carbonate solution (150 ml x 2) and then with water (125 ml 
X 2). The organic phase is anhydrified with sodium sulphate in 
the presence of decolorating carbon. It is filtered under 
vacuum and the solvent is evaporated under reduced pressure 
and at a bath temperature lower than 40 °C, obtaining 48.2 g of 
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2- (acetyl oxy) benzoic acid 4- (fonnyl) phenyl ester- The reaction 

raw product is used without further purification. 

R) PY^hhe^sis nf 2- f acetyloxY)1^ng:nic acid 4- (hvdroxvmethvl ^ 

phenyJ, estex: 

A solution of 2- (acetyloxy) benzoic acid 4 -( formyl ) phenyl 
(48.2 g, 0.18 moles) ester in ethyl acetate (500 ml) is 
hydrogenated in the presence of 5% palladium on carbon (4 g) 
at room temperature, at hydrogen pressure of about 2.5 atm, 

m 

under stirring. After 30 minutes the reactor is discharged, 
the catalyst is removed by filtration under nitrogen 
atmosphere . 

The organic phase is washed with a 5% sodium bicarbonate 
solution and then with water. It is anhydrified with sodium 
sulphate and the solvent is evaporated at reduced pressxire 
and the residue is used without further purification. 

C) SyntbfiHis of 2- (acety loxy )benzoic acid 4 - ( chloromethyl ) 

phf^nyl ester 

To a mixture of 2- (acetyloxy) benzoic acid 4- (hydroxy - 
methyl) phenyl (51.5 g, 0.18 moles) and SOClj (153 ml) kept 
under stirring, dimethylf ormamide (140 ml) is added at room 
temperature and it is left under stirring for one ho\ir. At the 
end the thionyl chloride is evaporated at reduced pressure at 
a bath temperature lower than 40^C. The thionyl chloride 
traces in the compound are removed by treating the solid with 
toluene (60 'x 2), which is then removed by evaporation at 
reduced pressure at a bath temperature lower than 40**C. The 
raw product is purified by crystallization with isopropyl 
.ether to give 2- (acetyloxy) benzoic acid 4- (chloromethyl) phenyl 
ester (32.9 g, 0.10 moles). Yield 60%. 

NMR: 8.25 (IH, d) ; 7.68 (IH, t); 7.43 (3H, m) ; 7.20 (3H, 
m); 4.60 ( 2H, s); 2.34 (3H, s). 



-28- 



wo 02/30866 PCT/EPOl/11664 

n) flynhhRsiR Of 2TfacetYlQ3^) benzoic acid 4- (nitrooxvmethvl ) 
phenyl ester 

To a solution of 2- (acetylow) benzoic acid 4-{cJilo- 
romethyl) phenyl ester (32.9 g, 0.10 moles) in acetonitrile 
silver nitrate (22.2 g, 0.12 moles) is added under stirring, 
sheltered from light. The solution is heated at 70*^0 for 4 
hours and then cooled to room temperature .. The precipitate is 
filtered and the solvent evaporated at reduced pressure. 

The residue is purified by chromatography on silica gel 
eluting with hexane/ethyl acetate (7:3 v/v) to give 2- 
(acetyloxy) benzoic acid 4- (nitrooxymethyl)phenyl ester (16.6 
g, 0.05 moles). M.p. 86t88°C. Yield 50%. 

NMR (CDCI3): 8.21 (IH, dd); 7.66 (lH,dt); 7.42 (3H,m); 7.20 
(3H,m); 5.40 (2H, s), 2.25 (3H,s). 

RXAMPLE 7 

Synthesis of trans -3- [4- [2- {acetyloxy)benzoyloxyl -3-methoxy- 
phenyl] -2-prppenoic acid 4-(nitrooxy) butyl ester 



0 




A) Synthesis of tra ns ''-3- F 4-hvdrox:v-3-methoxvphenvn -2^. 
prnpenoic acid 4-bromo buhyl ester 

To a solution of ferulic acid (10 g^ 51.5 mmoles) in THF 
(400 ml) and cooled in a water bath, triphenylphosphine (27.01 
g, 103 mmoles) and carbon tetrabromide (34.1 g, 103 mmoles) 
' are in the order added. The mixture is kept under sti;rring for 
5 hours at room temperature. When the reaction is ended, 
triphenylphosphinoxide is filtered and the solvent is 
evaporated at reduced pressure. The residue is purified by 
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chromatography on silica gel eluting with hexane/ethyl acetate 
(7:3 v/v). 7.75 g of trans -3- [4-hydroxy-3-inethoxyphenyl] -2- 
propenoic acid 4-bromobutyl ester as a white solid . are 
obtained. M.p. 86-89®C. Yield 46%. 

.qvnthpsis of trans - 3 - F 4 - F 2 - f acetvloxv^ beu^oyloxy ] - 3 ■ 

methoxyphenvll -2-propenoic acid 4-bromQ butvl ester 

To a solution of trans 3 - [ 4 -hydroxy- 3 -methoxyphenyl ] - 2 - 
propenoic acid 4-broino butyl ester (2 g, 6.1 mmoles) in CHCI3 
(20 ml) an acetyl salicylic acid mixture (1.1 g, 6.1 mmoles) in 
DMF (2 ml) is added and it is cooled to 0°C, then DCC (1.50 g, 
7.2 mmoles) and DMAP (74 mg, 6x10'^ mmoles) are added. It is 
left at the same tempera tvire for 30 minutes and at room 
tCTiperature for 16 hours. The precipitate is filtered and the 
solvent is evaporated /at reduced pressure. The residue is 
dissolved in ethyl acetate (100 ml x 2 times) and washed with 
water and NaCl. The organic phase is anhydrified and the 
solvent is evaporated at reduce pressure. 

The residue is purified by chromatography on silica gel 
eluting with hexane/ethyl acetate (8:2 v/v) to give the 
trans - 3 - [ 4 - [ 2 - ( acetyloxy )benzoyloxy ] - 3 -methoxyphenyl ] - 2 -pro- 
penoic acid 4-bromo butyl ester (1,1 g, Yield 37%). 
^H.NMR CDCI3: 8.25 (IH, d) ; 7,65 (2H, m) ; 7.40 (IH, t); 7.20 
(4H, m); 6.39 (IH, d); 4.25 (2H, t); 3.85 {3H, s); 3.47 (2Hr, 
t); 2.29 (3H, s); 2.01 (2H, m); 1.89 (2H, m). 

F.XAMPLE 8 

■ 

Synthesis of trans - 3 - [ 4 - ( 4 ' -nitrooxybutyryloxy ) - 3 -methoxy- 

« a 

phenyl] -2-propenoic acid 4- <acetylamino) phenyl ester 



OMe 




ONO, 
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Synthesis of trans - 3 - [ 4 - ^ rRtvloxv- 3 -methoxvphenvl 1 - 2 - 

propenoic acid 

To . a solution of ferulic acid (5 g, 25,75 ramoles) in 
pyridine (75 ml) cooled to 0*^C and sheltered from light, 
acetic anhydride (13.14 g, 128,7 mmoles) is added in small 
aliquots. When the addition is ended the temperature is let 
reach the room value maintaining the solution under magnetic 
stirring for 24 hours. HCl 18.5 % (160 ml) is added up to 
pH 2, one extracts with ethyl acetate and the organic phase is 
anhydrified and the solvent is evaporated at a reduced 
pressure . 5.15 g of trans - 3 - [ 4 - acetyloxy - 3 -methoxyphenyl ] - 2 - 
propenoic acid are obtained as a white solid. M.p. 199-205^C. 
Yield 85%. 

R ) Synthesis of trans - 3 - f 4 - acetvloxv- 3 -methoxvphenvl 1 - 2 - 

- -• • . ,*i ■ 

prnpenoyl chloride 

To a suspension of trans-3- [4-acetyloxy- 3 -methoxy- 
phenyl ] -2-propenoic acid (4 g, 16.93 mmoles) in toluene (70 
ml) and dimethylf ormamide (10 ml) cooled . in an ice bath, 
oxalyl chloride (4,30 g, 33.87 mmoles) is dropped. The mixture 
is maintained vmder stirring at O^C for 1 hour then the 
temperature is let reach the room value and it is left for 2 
hours. The solvent is removed at reduced pressure and the raw 

• i 

product is used without fiortheffj purification. 

C ) Synthesis of t rans - 3 - F 4 ■ acetyl oxv- 3 -methoxvphenvl 1 - 2 - 
propenoic acid 4 - (acetvlamino) phenyl ester 

To a solution of paracetamol (2.56 g, 16.92 mmoles) in 
pyridine (20 ml) cooled in an ice bath trans-3- [4-acetyloxy-3- 
methoxyphenyl]-2-propenoyl chloride (4.31 g, 16.92 mmoles) 
dissolved in acetone (45 ml) is dropped. The mixture is 
maintained under stirring in ice for 3 hours then it is poured 
into water (300 ml) and the precipitate is filtered and 
triturated with hexane to give trans-3- [4-acetyloxy-3- 
methoxyphenyl ] - 2 -propenoic acid 4 - ( ace tylamino ) phenyl ester 
(4.38 g) as an orange solid. M.p, 246-250°C. Yield 70%.' 
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p ) c;vnt:hesis of tr an.g - ■ r 4 -hvdroxv- 3 -methoxvphenvl 1 ■ 2 - 
p^npAnnic acid 4 - (acetyl amino ^phenvl ester 

To a solution of trans-S- [4-acetyloxy-3-methoxyphenyl] -2- 
propenoic acid 4- (ace tylamino) phenyl ester (4.2 g, 11.37 
mmoles) in methanol (650 ml) and tetrahydrofuran (850 ml), 
potassiim carbonate (9.11 g, 65.95 mmoles) dissolved in water 
(50 ml) is added and it is left xinder stirring at room 
temperature for 2 hours- The precipitate is filtered and the 
solution is brought to pH 6 with HCl 5% (15 ml). One extracts 
with ethyl acetate and the organic phase is anhydrif ied and 
removed from the solvent at reduced pressxire. The raw product 
is purified by chromatography on silica gel eluting with 
"chlor of orm/me thanol (9/0.5 v/v ) . Trans - 3 - [ 4 - hydroxy - 3 - 
methoxyphenyl ] - 2 -propenoic acid 4 - ( ace tylamino ) phenyl ester 
(2-1 g) is obtained as a white solid. M.pi. 185-195°C- Yield 
56%- 

NMR {CDCI3): 10 (IH, s); 9.8 (lH,s); 7-8 (IH, d); 7.7 {2H, 
d); 7.3 (2H,d); 7.1 (2H, d); 6.9 (IH, d); 6.7 (IH, d); 3.8 
(3H, s); 2 ( 3H, s). 

F ; ) .qy^hheis of tran s - 3 - [ 4 - f 4 ^ -bromobutyrvloxv) - 3 -methoxv- 
phfin yll -2>prQT:)enQic acid 4- (acetvlamino^phenvl ester 

To a solution .of trans-3- [4-hydroxy-3-methoxyphenyl] -2- 
propenoic acid 4- (acetylamino) phenyl ester (1.6 g, 4.8 mmoles) 
in pyridine (12 ml) cooled in ice bath, ^ 4-bromobutyryl 
chloride (1.3 g, 7.2 mmoles) dissolved in acetone (15 ml) is 
• dropped and it is maintained under stirring for 7 hours. It is 
poured into water and ice, the precipitate is filtered and 
treated wi th hexane . Trans - 3 - [ 4 - ( 4 ' br omobutyryloxy ) - 3 - 
methox/phenyl] -2 -propenoic acid 4-(ace-tyl amino)phenyl ester 
(1,8 g) is obtained. Yield 67%. 

Y) .gynt-hesis of trans-3- [4- (4^ -nitrooxvbutvrvloxv) ■3-methQxv- 
P^pr^Y"^ 1 >2-pro penoic acid 4- (acetvlamjno) phenyl ester 

To a solution of trans - 3 - [ 4 - ( 4 ' bromobutyryloxy ) - 3 - 
methoxyphenyl ] - 2 -propenoic acid 4 - ( acetylamino ) phenyl ester 
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(1.8 g, 3,78 mmoles) in acetonitrile (100 ml), silver nitrate 
(1.28 g, 7.56 iranoles) is acLdeGl sheltered from light. It is 
left at 80^C for 13 hours then the precipitate is filtered • 
The raw product is purified by chromatography on silica gel 
eluting with hexane/ethyl acetate (3/7 v/v) . Trans- 3 -[4- 
(4'nitrooxy-butyryloxy) -3-methoxyphenyl] -2-propenoic acid 4- 
(acetylami- no) phenyl ester is obtained. 

NMR (CDCI3): 7.8 (IH, d) ; 7.5 (3H,m); 7.1 (5H, m) ; 6.5 (IH, 
d); 4.6 (2H,.t); 3.8 (3H, s); 2.7 (2H, t); 2.17 (5H,in). 

EXAMPLE 9 

Synthesis of 4-nitrooxybutanoic acid 4' -acetylaminb phenyl 
ester 

H 

w 

T V) Preparation of 4 -bromobutanoic acid 4 ^ -acetyl amino Phenyl 
ester 

TO a solution of 4-bromobutyric acid (4.6 g, 27.6 mmoles) 
in chloroform (45 ml) and N,N-dimethylf ormamide (20 ml), 
paracetamol (4.17 g, 27.6 mmoles), N,N' -dicyclohexyl 
carbodiimide (8.42 g, 40.8 mmoles ) \ \ and 4 - dimethyl 
aminopyridine (0.15 g, 1,25 mmoles) are added. The reaction 
mixture is kept under stirring at room temperature for 72 
hours, filtered and evaporated under vacuum. The reaction raw 
product is treated with ethyl acetate and washed with brine 

■ 

and then with water. The organic phase is anhydrified with 
sodium sulphate and then evaporated under vacuijm. 

The residue is purified by chromatography on silica gel 
eluting with n- hexane/ethyl acetate 4/6 (v/v ratio). 5.33 g of 
the product as a white solid ar obtained. 

M.p.= 108-llO^C. 
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B) Prepa ration of 4 -nitrooxybutanQic QOid 4 ' • acetyXamnQ 

phenyl ester- 

To a solution of 4-broinobutanoic acid 4' -acetylamino 
phenyl ester (5.33 g, 17,8 mmoles) in acetonitrile (80 ml) 
silver nitrate (4,56 g, 26.9 mmoles) is added. The reaction 
mixture is heated for 16 hours in absence of light at 80°C, 
then cooled to room temperature, filtered for removing the 
silver salts, and evaporated at reduced pressure. The residue 
is purified by chromatography on silica gel, eluting with n- 
hexane/ethyl acetate 4/6. 4.1 g of the product as a white 
solid are obtained. 
M.p.= 80-83°C. 

Elementary analysis: c H N 

calc. 51.07% 4.99% 9.92% 

fovmd 51.06% 5.00% 9.90% 

*H NMR (CDCl3):7.55 (IH, s); 7.49 (^H^d) ; 7.02 (2H,d); 4.58 

(2H, t); 2.71 (2H,t); 2.19 (2H, m) ; 2.14 (3H,s). 

Syntheis of 4- (nitrooxymethyl) -benzoic acid 4-acetylamino 
phenyl ester 




A) Preparation of 4- ( r h lor omethyl ) -benzoic acid 4 -acetvlamino 
phenyl ester . 

To a solution of paracetamol (2 g, 13.23 mmoles) in 
tetrahydrofuran (80 ml), triethylamine (1.34 g, 13.23 mmoles) 
and 4- (chloromethyl) -benzoyl chloride (2.5 g, 13.23 mmoles) are 
added. The reaction mixture is kept under stirring at room 
temperature for 24 hours, then the solvent is evaporated at 
reduced pressure and the reaction raw product is purified by 
chromatography on silica gel, eluting with methylene 

« 
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chloride/methanol 20/0.5 (v/v ratio) to give 2.6 g of 4- 

« 

(chloromethyl) -benzoic acid 4 - acetylcunino phenyl ester. (Yield 

65%) 1 i 

*H NMR (CDClj): 8.1 (2H, d)'; 7.69 (2H,d); 7.45 (2H, d);'7.02 
(2H, d); 4.9 (2H, s); 2.14 (3H, s). 

Preparation of 4 - (nitrooxynie thYl ) -b enzoic acid 4- 
anf^h ylami nn plnenvl ester 

To a solution of 4- (chloromethyl) -l^enzoic acid 4-ace- 
tylamino phenyl ester (2 g, 6.6 mmoles) in acetonitrile (80 
ml) silver nitrate (2,24 g, 13.18 mmoles) is added. The 
reaction mixture is heated for 20 hours in absence of light at 
60**C/ then cooled to room temperature, filtered for removing 
the silver salts, and evaporated at reduced pressure. The 
residue . is purified by chromatography on silica gel, eluting 
with n-hexane/ethyl acetate 3/7 (v/v ratio). 1.13 g of 4- 
( nitrooxymethyl ) - benzoic acid 4 - acetylamino phenyl ester are 
obtained. (Yield 52%) % I 

NMR (CDCI3): 8.1 (2H, d) ; 7.69 (2H,d); 7.45 (2H, d); 7.02 
(2H, d); 5.74 (2H, s); 2.14 (3H, s). 
EXAMPLE 11 . 

Preparation of 3- (nitrooxymethyl) -benzoic acid 4-acetylamino 
phenyl ester 




A) PT-f>paration of 3- (chlo romethyl ^ -benzoic acid 4- ace tvl amino 

Phenyl ester 

TO a solution of paracetamol (2 g, 13.23 mmoles) in 
tetrahydrofuran (80 ml), triethylamine (1.34 g, 13.23 mmoles) 
and 4- (chloromethyl) -benzoyl chloride (2.5 g, 13.23 mmoles) are 
added. The reaction mixture is kept under stirring at room 
temperature for 24 hours, then the solvent is evaporated at 
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reduced pressure and the reaction raw product is pxirified by 
chromatography on silica gel, eluting with methylene 
chloride/methanol 20/6.5 (v/v ratio) to give 2.9 g of 3- 
(chloromethyl)- benzoic acid 4-acetylamino phenyl ester. (Yield 
73%) 

NMR (CDCI3): 8.1 (IH, s); 8.02 (lH,d); 7.77 (IH, d); 7.65 
(IH, m);7.45 {2H, d);7.02 (2H,d); 4.9 (2H, s); 2.14 (3H, s). 

B ) Preparation of 3 - ( ni trQOxvme thvl ) - benzoic asiid 4jl 

acetvlam ino phenyl ester 

To a solution of 3 - ( chloromethyl ) - benzoic acid 4 - ace - 
tylamino pheiayl ester (2.5 g, 8.2 mmoles) in acetonitrile (80 
ml) silver nitrate (2.8 g, 16.4 mmoles) is added. The reaction 
mixture is heated for 20 hours in absence of light at 60^C, 
then cooled to room temperatxire., filtered for removing the 
silver salts, and evaporated at reduced pressure. The residue 
is purified by chromatography on silica gel, eluting with n- 
hexane/ethyl acetate 3/7 (v/v ratio). 1.5 g of 3- 
(nitrooxymethyl) -benzoic acid , 4-= ace tylamino J j phenyl ester are 
obtained. (Yield 55%) ij 

NMR (CDCI3): 8.1 (IH, s); 8.02 (IH.d); 7.77 (IH, d); 7.65 
(IH, in);7.45 (2H, d);7.02 (2H,d); 5.74 (2H, s); 2.14 (3H, s). 

EXAMPLE 12 

Syntheis of 2- (nitrooxymethyl) -benzoic acid 4-acetylamino 



phenyl ester j ; 



I 




o 

X 

HjC^g' ^ ^ONO^ 

A) Preparafion of 2- f r;hl or cane thyl ^ -benzoyl chloride 

To thionyl chloride (35 ml) cooled at 0°C with ice bath, 
the 2-hydroxymethylbenzoic acid (4 g, 26.3 mmoles) is added. 
The temperature is let reach the room value and the mixture 
is left under stirring for 2 hours, then it is evaporated at 
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reduced pressure and treated 3 times with chloroform for 
completely removing the thionyl chloride. The reaction raw 

« 

product is used without further purification. .* , 

B ) Preparation of 2 - ( chloromethyl ) -benzoic — afiid — 4 -acetyl 

amino phenyl ester 

To a solution of paracetamol (2 g, 13.23 mmoles) in 
tetrahydrofuran (80 ml), triethylamine (1.34 g,. 13.23 mmoles) 
and 2 - ( chloromethyl ) -benzoyl chloride (2.5 g , 13 . 23 mmoles ) are 
added. The reaction mixture is kept under stirring at room 
temperatvire for 24 hovirs, then the solvent is evaporated at 
reduced pressure and the reaction raw product is purified by 
chromatography on silica gel, eluting with methylene 
chl'dride/methanol 20/0.5 (v/v ratio) to give 1.9 g of 2- 
(chloromethyl) -benzoic acid 4-acetylamino phenyl ester. (Yield • 
47%) 

NMR (CDCI3): 8.22 (IH, d); 7.41 (5H, m) ; 7.02 (2H, d); 4.9 
(2H, s); 2.14 (3H, s). 

C ) Preparation of 2 - ( nitroQxvmethvl \ -benzoic acid 4jl 

acetvlam ino nhenvl ester 

To a solution of 2- (chloromethyl) -benzoic acid 4-ace- 
tylamino phenyl ester (1.5 g, 4.9 mmoles) in acetonitrile (80 
ml) silver nitrate (1.68 g, 9.8 mmoles) is added. The reaction 

■ 

« 

mixture is heated for 20 hours in absence of light at SO^^C, 
then cooled to room temperature , filtered fpr removing the 
silver salts, and evaporated at reduced pressure. The residue 
is purified by chromatography on silica gel, eluting with n- 

« 

hexane/ethyl- acetate 3/7 (v/v ratio). 0.77 g of 2- 
(nitrooxymethyl) -benzoic acid 4-acetylamino phenyl ester are 
obtained. (Yield 48%) 

NMR (CDCI3): 8.22 (IH, d) ; 7.41 (5H, m) ; 7.02 (2H, d) ; 5.40 
(2H, s); 2.14 (3H, s). 
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EXAMPLE 13 

Syhthesi s of 2 - acetylamino- 3 - ( 4 -ni trooxybutyryl ) - 3 -mercapto - 

propionic acid 4 -acetylamino phenyl ester 




A) Preparatio n of 2-acetylainino-3 - (4-broinobutvrvl ) -3 - 
mf>rcaptQpropionic acid 

To a solution of 4-broinobutyric acid (3 g, .17.9 mmoles) 
in 35 znl of chloroform/ carbonyl -diimidazol (2.9 g, 17.9 

* 

mmoles) is added and it is left under stirring at room 
temperature for one hour. Then N-acetylcisteine (2.9 g, 17.9 
mmoles)/ sodium ethylate (40 mg, 0.58 mmoles) and 
dimethylformamide (5 ml) are added and the mixture is left 
under, stirring at room temperaturte for 15 hours. Diluted HCl 
is added and the organic phase is separated. The aqueous 
phase brought to pH 3-3.5 is extracted with ethyl acetate. 
The organic phases mixed together are anhydrif ied with sodium 
sulphate and evaporated at reduced pressure. The reaction raw 
product is purified by chromatography on silica gel, eluting 
with chloroform/ethyl acetate 3/7 (v/v ratio). 2.06 g of 2- 

acetylamino- 3 - ( 4 -bromobutyryl ) - 3 -mercapto-propionic acid are 

' * - ' • 

obtained. (Yield 37%) ' ll 

NMR (CDCI3): 10.0 (IH, s); 6.89 (IH, d); 4.78 (IH, m) ; 3.40 
(4H, m); 2.77 (2H, t); 2.18 (2H, m) ; 2.04 (3H, s). 

B.) Prf =^paration of 2- ahf>hvl amino- 3 -( 4 -bromobutyryl ) -B- 

iqercapto pT-opionic acid 4 - acetyla mino phenyl ester 

To a solution of 2-acetylamino-3- (4 -bromobutyryl ) -3- 
mercaptopropionic acid in chloroform (20 ml) and dimethyl- 
formamide (20 ml), cooled at 0°C with ice bath, paracetamol 
(1 g, 7.2 mmoles), dicyclohexylcarbodiimide (1.17 g, 5.6 
mmoles) and N,N- dimethyl aminopyridine (90 mg) are added. The 
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temperature is let reach the room value and the mixture is 
left under stirring for 24 hours. The precipitate is filtered 
and the orgeinic phase is washed with water. The organic phase 
is anhydrified with sodium sulphate and the solvent is. 
evaporated at reduced pressure. The raw product has been 
purified by chromatography on silica gel eluting with 
methylene chloride/methanol 20/0.5 (v/v ratio). 0.6 g of 2- 
acetylamino - 3 - { 4 - bromobutyryl ) - 3 -mer captopropionic acid 4 - 
acetylamino phenyl ester are obtained. (Yield 32%) 

NMR (CDCI3): 7.45 (2H, d) ; 7.00(2H, m) ; 4.80 (IH, m) ; 3.52 
(2H, t); 3.32 (2H,d); 2.7 (2H,t); 2.1 (2H, m) ; 2.00 {3H, s). 

C) Preparation o f 2 -acetylamino- 3- (4-nitiroop<y butyyyX) •3- 

Tntarna ptopronio nin acid 4 -acetylamino phenyl ester 

To a solution of 2 - acetylamino - ( 4 - bromobutyryl ) - 3 - 
mercaptopropionic acid 4 -acetylamino phenyl ester (0.5 g, 
1-. 26 mmoles) in acetonitrile (40 ml) silver nitrate (0.43 g, 
2.52 mmoles) is added. The reaction mixture is heated for 20 
hours in absence of light at 80 °C, then cooled to room 
temperature, f iltered ' f or removing the silver salts, and 
evaporated at reduced pressure. The residue is purified by 
chromatography on silica gel, eluting with n-hexane/ethyl 
acetate 3/7 (v/v ratio). 0.31 g of 2-acetylamino-3- (4- 
ni trooxybutyryl ) - 3 -mercaptopropionic acid 4 - acetylamino 

! I 

phenyl ester are obtained. (Yield 63%) ii 
*H NMR (CDCI3): 7.45 (2H, d); 7.00(2H, m) ; 4.80 (IH, m) ; 4.57 
(2H, t); 3.32 (2H,d); 2.7 (2H,t); 2.1 (2H, m) ; 2.00 (3H, s). 
. EXAMPLE 14 

Synthesis of 3 - [ ( 2 -nitrooxy ) ethyloxy ] propanoic acid 4 - ace - 
tylamino phenyl ester 
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A) Preparation of 3> f r 2-hydroxv^ethvloxvl propanoic acid — ^ 
acehylaminQ phenyl ester 

To a solution of paracetamol (5 g, 33.6 mmoles). in 
chloroform (80 ml) and dimethylf ormamide (80 ml)/ cooled at 
0°C with ice bath, 3- [ (2-hydroxy)e thy loxy] propanoic acid (3 
g, 22.38 mmoles), dicyclohexylcarbodiimide (6.9 g, 33.6 
mmoles ) and dimethylaminopyridine (0.2 g , 1.68 mmoles ) are 
added. The temperature is let reach the room value and the 
mixtiore is left under stirring for 24 hours. The precipitate 
is filtered and the organic phase is washed with water and 
extracted with chloroform. The organic phase is anhydrified 
. with sodi\am sulphate and the solvent evaporated at reduced 
pressure. The raw product is purified by chromatography on 
silica gel eluting with methylene chloride/methanol 20/0.5 ' 
(v/v ratio). 1.3 g of 3- [ (2-hydroxy) ethyloxy] propanoic acid 
4-acetylamino phenyl ester are obtained. (Yield 33%) 

NMR (CDCI3): 7.45 (2H, d) ; 7.02(2H, d); 4.40 (2H, t); 3.75 
(6H,m); 2.14 (3H, S). 

n } Preparation of 3 - f ( 2 - iodo ) ethvloxvl propanoic acid Ajl 

anf^t ylamino ph enyl ester 

To a .solution of 3-[ (2-hydroxy)ethyloxy]propanoic acid 4- 
acetylamino phenyl ester (1.5 g, 5.6 mmoles ) , imidazol (0.57 
g, 8;4 mmoles) and triphenylphosphine (1.9 g, 7.28 mmoles) in 
ether (15 ml) and acetonitrile (10 ml) cooled- 'at 0°C with ice 

! ) 

bath, iodine (1.99 g, 7.84 mmoles) is added "and it is left 
under stirring at 0°C for 2 hours. Then the temperature is let 
reach the room value, hexane is added, the precipitate is 
filtered and the solvent is evaporated at reduced pressure. 
The raw product is piirified by chromato- graph ty on silica gel 
eluting with hexane/ethyl acetate 3/7 (v/v ratio). 1 g of 3- 
[ ( 2-iodo)ethyloxy]propanoic acid 4-acetylamino phenyl ester is 
obtained . 
(Yield 48%) 

-40- 



wo 02/30866 



PCT/EPOl/11664 



NMR (CDCI3): 7.45 (2H, d) ; 7.02(2H, d) ; 4,40 (2H, t); 3,75 



cy Prepa ration of 3- [ ( 2 ■n3.t3rQQxy)ethylQxy ipyQPWQic aCAcj — Iz. 

acetyla^ni.nQ phenyl ester 

To a solution of 3- [( 2-iodo)ethyloxy] propanoic acid 4- 
acetylainino phenyl ester (1 g, 2.64 nunoles) in acetonitrile 
(40 ml) silver nitrate (0.9 g, 5.28 inmoles) is added. The 
reaction mixture is heated for 5 hours in absence of light at 
60^C, then cooled to room temperture, filtered for removing 
the silver salts / and evaporated at reduced pressure. The 
residue is purified by chromatography on silica gel, eluting 
with n-hexane/ethyl acetate 3/7 (v/v ratio). 0.46 g of 3- [(2- 
hitrooxy) ethyloxy] propanoic acid 4-acetylamino phenyl ester 
are . obtained . (Yield 56%) 

NMR. {CDCI3): 7.45 (2H, d) ; 7.02(2H, d); 4.58 (2H, t); 4.40 
(2H, t); 3.75 (4H, t); 2.14 (3H, s). 
BXAMPLB 15 

: : 

Synthesis of 2-hydroxybenzoic acid 3- (nitrooxymethyl) phenyl 
ester 



To a solution of 2- (ace tyloxy) benzoic i | acid 3-(nitro- 
xymethyl)phenylester (2 g, 6.04 mmoles), obtained as de- 
scribed in Example 5, in tetrahydrof uran (10 ml), methanol (5 
ml) and .water (4 ml), imidazol (0.04 g, 0.6 mmoles) is added - 
The mixture is left under stirring at room temperature for 20 
days, then the solvent is evaporated at reduced pressure, the 
residue is treated with ethyl acetate and washed with water- • 

■ 

The organic phase is anhydrif ied with sodium sulphate and 
the solvent .is evaporated at reduced pressure. The reaction 
• raw product is purified by chromatography on silica gel using 



(4H,t); 3.54 (2H, t); 2.14 (3H, s). 



O 
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as eluent hexane/ethyl acete (9/1 v/v) to give 2- 
hydroxybenzoic acid 3 - { ni trooxyme thyl ) phenyles ter (0.8 g ) . 
Yield 46%. 

NMR (CDCl3):10.46 (IH, s); 8.13 (IH, dd); 7-56 (2H, m) ; 7.34 
(3H, m); 7.05(2H, m) ; 5.51{2H, s). 
BXAMPLE 16 

Synthesis of trans - 3 - ( 4 - [ a-methyl - [ 4 - ( - 2 -methylpropyl ) benzene ] 
acetyloxy ] - 3 -methoxyphenyl ] - 2 -propenoyl - 4 - ( ni trooxy ) butyl 
ester having formula: 




A) Synthesis of tr^ns - 3 - [ 4 " [ a-me tt^yl - f 4 - ( ■ 2 -methylpropyl I 

benzene 1 acetyloxy 1 - 3 'inethoxvphenvl ^ - 2 ■ipropenoic acid 

To a solution of a-methyl - [ 4 - ( 2 -methylpropyl ) benzene ]a - 
cetic acid (5.03 g, 24.4 ramoles) in tetrahydrofuran (100 ml) 
and N,N-dimethylformamide (5 ml), 1,1-carbonyldiimidazol (4.25 
g, • 24.8 • mmoles) is ad.ded. After 1 hour the obtained solution 
is treated with ferulic acid (4.90 g, 25 mmoles), sodium 
etliylate (89 mg) is added and it is left at room temperature 
imder stirring for. 12 hours. The reaction mixture is washed 
with HCl 5%, therivvwith water and at last with brine. The 
organic phase is anhydrified with sodium sulphate and 
evaporated at reduced pressure. 

The obtained residue is purified by chromatography on 
silica gel, eluting with ethyl acetate/n-hexane 7/3. 5.1 g of 

trans - 3 - [ 4 - [ a-methyl - [ 4 - ( - 2 - methylpropyl ) benzene ] acetyl ] - 3 - 
methoxyphenyl] -2-propenoic acid are obtained as a withe solid 

having m-p. 131-137°C. 

^H-NMR {.CDCI3) : 7.7.2 (IH, d) , 7.32 (2H, dd) , 7.26 (IH, m) , 
7.16-7.07 (4H, m), 6.98 (IH, d) , 6.37 (IH, d) , 3.99 (IH, q) , 
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3.73 (3H, s), 2.47 (2H, d) , 1.88 (IH, m) , 1.63 (3H, d) , 0.92 
(6H, d). 

B) Synthesis q£ trans - 3 - f 4 - f a-methvl - F 4 - f ■ 2 ■methvlpropvl ) 

benzene laretyloxyl - 3 -methoxvphenyl ] - 2 -propenovl 4-brQmQbUtyI 

To a solution of trans-3- [4- [a-methyl- [4- (2-methyl- 
pr opy 1 ) benzene ] ace tyloxy ] - 3 -irie thoxypbenyl ] - 2 - propenoic acid 
(5.33 g, 14 inmoles) in N,N-diiiiethylfonnainide (130 ml), sodium 
. ethylate (1.2 g, 16 mmoles) is added under stirring. After 1 - 
hour to the obtained mixture 1,4-dibramobutane (10 g, 46 
mmoles) is added and the mixture is let react at room 
temperature for 12 hours. The reaction mixtiire is washed with 
5% HCl, then with water and at last with brine, the organic 
phase is anhydrified with sodium sulphate and evaporated at 
reduced pressure. The obtained residue is purified by 
chromatography on silica gel eluting with n-hexane/ethyl 

acetate 8/2. 4.46 g of trans-3- [4-hydroxy- [a-methyl- [4- ( -2- 
methylpropyl ) benzene ] aqetyl ] - 3 -methoxyphenyl ] - 2 -propenoyl 4 - 
bromobutyl ester are obtained. /j 

C ) Synthesi s of trans - 3 - [ 4 - [ a-methyl > T 4 - ^ ■ 2 -methvlpropvl ) 

benzene ] a cetyloxy 1 - 3 -methoxvphenvl 1 2 -propenovl 4- (njLtrOQ;?^^), 

butyl ester 

To a solution of trans-3- [4- [a-methyl- [4- ( -2-methylpro- 
pyl ) benzene ] acetyloxy ] - 3 -methoxyphenyl ] - 2 - proptooyl 4 -bromo - 
butyl ester (4 g, 7.72 mmoles) in acetonitrile (70 ml) silver 
nitrate (2.58 g, 15 mmoles) is added. The reaction mixture is 
heated under reflux for 2 hours sheltered from light. At the 
end the formed salt is removed by filtration and the solution 
is evaporated at reduced pressure. The recovered residue is 
purified by chromatography on silica gel, eluting with n- 

hexane/ethyl acetate. 8/2. 2.4 g of trans-3- [4- [a-methyl- [4- ( - 
2 -methylpropyl )benzene]acetyloxy] -3-methoxyphe-nyl] -2- 
propenoyl 4-(nitrooxy) butyl ester are obtained as oil. 

-43- 



wo 02/30866 PCT/EPOl/11664 

^H-NMR (CDCI3): 7.62 (IH, d) , 7.32 (2H, d) , 7.15 (2H, d) , 7.16- 
7.05 (2H, m), 6.96 (IH, d) , 6.35 (IH, d), 4.51 (2H, t), 4.24 
{2H, t), 3.99 (IH, q), 3.74 (3H, s). 2.48 (2H, d) , 1.89-1.83 
(5H, m),. 1.62 (3H, d) , 0.92(6H, d) . 
Elementary analysis: 

CalculatedC: 64.91% H: 6.66% N: 2.82% 

Found C: 64.83% H: 6.52% N: 2.69% 

EXAMPJ^iE 17 

Syntheis of trans - 3 - [ 4 - [ 2 - f luoro - a-methyl -{1,1' -biphenyl ) - 4 - 
acetyloxy] -3-methoxyphenyl] -2-propenoyl 4- (nitrooxy) butyl 
ester having formula: 




The compound is synthesized according to the process 

described -jin Example 16. The process total yield is 32%. The 

il 

susbstance appears as an amorphous solid. 

^H- NMR (CDCla): 7.40-7.25 (9H, m) , 7.07-7.01 (2H, d), 6.98 
(IH/m), 6.38 (IH, d), 4.44 (2H, t), 4.46 (2H, t), 4.21 (2H, 
t), 4.04 (IH, q), 3.73 {3H, s), 1.72 {4H, m) , 1.65 (3H, d) . 
Elementary analysis: !• ;' 

CalculatedC: 64.79% H: 5.25% N: 2.62% F:|'3.53% 
Found C: 64.85% H: 5.31% N: 2.74% F:' 3.48% 

I t 
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EXAMPLE 18 . 

Syntheis of ( Z ) - 5 - f luoro - 2 -methyl - 1 - [ [ 4 - (methylsulphinyl 
phenyl ]methylene ] - IH - indene - 3 - acetic acid ( 4 -nitrooxy ) butyl 
ester 



0 
II 




A ) Synthf^flis of ( Z ) - 5 ■ f lu oro - 2 -methvl - 1 - f f 4 ■ (methvlsulphinvl ) 
phenyl Imet-.hvlene 1 - IH- indene - 3 -acetic acid 4 -bromobutvl ester 

To a solution of Sulindac (5.17 g , 14 • 5 mmoles ) in 
dimethylformamide (50 ml) EtONa (1,18 g, 15.4 mmoles) is 
added. The reaction mixture is kept under stirring for one 
hour, then 1,4-dibromobutane dissolved in dimethylformamide 
(20 ml) is added. 

The reaction mixture is kept under stirring at room . 
temperature for 8 hours, ethyl acetate is added and the 
mixture is washed with water. The organic phase is anhydrified 
with sodium sulphate and the solvent is evaporated at reduced 
pressure. 

The reaction raw product is purified by chromatography . on 
silica gel eluting with a mixture of hexane/ethyl acetate (3/7 
v/v) . .cis-5-f luoro'2 -methyl- 1- [ [4- (methylsulphinyl) phenyl ]me- 
thylene] -IH- indene- 3 -acetic acid 4-bromobutyl ester (3.8 g) is 
obtained as a yellow solid. Yield 55%. 

B) Synthesis of (Z) -5-f luoro-2-inethvl-l- f f 4- fmethvlsulphinvl) 

m 

phenyl Imethvlene 1 - IH- indene - 3 - acetic acid ( 4 - nj tTOQxy ) butyX 

estea: 

To a solution of cis-5-f luoro -2-methyl-l- [ [4- (methyl 
sulphinyl)phenyl]methylene] -lH-indene-3-acetic acid 4-bromo- 
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• butyl ester (3.8 g, 7.7 mmoles) in acetonitrile (50 ml) AgNOj 

* 

(3.9 g, 22.3 mmoles) is added sheltered from light. The 
mixture is heated at 80°C for 48 hours, then the precipitate 
is filtered and the solvent is evaporated. The reaction raw 
product is purified by chromatography on silica gel eluting 
with a mixture of hexane/ethyl acetate (1/9 v/v). (2)-5- 
f luoro- 2 -methyl - 1 - [ [ 4 - (methylsulphinyl ) phenyl ]methylene ] - IH- 
indene- 3 -acetic acid (4-nitrooxy)butyl ester (2.6 g) is 
obtained as a yellow solid. Yield 68%. 

NMR (CDCI3) :7.78-7.62 (4H, m) ; 7.17 (2H, m) ; 6.88 (IH, dd); 
6.60-6.50 (IH, m); 4.39 (2H, t); 4.16 (2H, t); 3.57 (2H, s); 
2.79 (3H, s); 2.20 (3H, s); 1.79-1.61 (4H, m) . 
EXAMPLE 19 

Synthesis of (Z) -5-f luoro-2-methyl-l- [ [4- (methylsulphinyl) 
phenyl ]methylene ] - IH - indene - 3 - acetic acid 6 ( ni trooxyme thyl ) - 2 - 
methyl pyiridinyl ester 



O 
II 




The (Z) -5-f luoro-2-methyl-l- ( [4- (methylsulphinyl) phenyl] 
methylene ] - IH - indene - 3 - acetic acid 6 ( ni trooxymethyl ) - 2 -methyl 
pyridinyl ester is synthesized according to the process 
described in Example 1, starting from (Z) -5-f luoro- 2-methyl- 
l-[ [4- (methylsulphinyl )phenyl]methylene] -IH- indene- 3 -acetic 
acid and 2, 6 -bis (chlorome thyl) pyridine. Total yield of the 
process 20%. 
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Elementary analysis: 

CalculatedC 57.09% N 5.12% F 3.47% CI 6.48% S 5.86% 

Found C 57.19% N 4.51% F 3.43% CI 6.51% S 5.84% 

EXAMPLE 20 

Synthesis of 2-acetyloxyben2oic acid 2- (nitrooxymethyl)phenyl 
ester 




ONOa 



The 2-acetyloxybenzoic acid 2- (nitrooxyinethyl)phenyl e- 
ster is. synthesized according to the process described in 
Example 6, starting from acetylsalicylic acid and 2- 
hydroxybenzaldehyde . Total yield of the process 68%. 
'H ^IMR (CDCI3): 8.22 {IH, dd); 7.68 (IH, dt); 7.35 (6H, m) ; 
5.40 (2H, S); 2.30 {3H, s). 
\PHARMACOLOGICAL EXAMPLES 
EXAMPLE Fl 

Determination of the capability of the compounds of . the 
invention to protect the animals from the liver injury induced 

■ 

by Concanavalin A.. 

Th^ model in vivo used iii the present example has been 

' * ::j 

described in Tiegs Hentshel J, A Wendel- A T cell -dependent 

experimental liver injury in mice induced by Concanavalin A. 
"I 

J. Clin, Invest. 1992; 90:196-203. 

The animals (rats of Swiss stock weighing about 20 g) are 
divided in groups of at least No. 10 animals for group. 
The animals receive concanavalin and solvent (treated control 
group), solvent (polyethylene glycol 400 - untreated control 
group), concanavalin and tested compound dissolved in the 
solvent { treated groups ) . 
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Rats are treated intravenously with concanavalin A (0.3 
mg/rat), and after 5 minutes they receive by intraperitoneal 
injection the tested compounds, at the doses reported in 
Table 1, dissolved in polyethylenglycol 400. 

Eight hours after the concanavalin A injection all the 
emimals were sacrificed and the blood collected and examined - 
The data, reported in Table 1, are expressed as value of the 
plasmatic glutamic -pyruvic transaminase percentage of the 

* 

animals treated with the tested compoiind with respect to the 
animals of the treated control group. 

The results show that the compounds according to the 
invention protect from the liver injury induced by 
concanavalin. A, while the native or precursor compounds even 
worsen the liver injury. 
. ^XAMPLB F2 

Determination of the antiproliferative activity of the 
compounds of the invention in cancerous cells. ] 

Human adenocarcinoma (HT29) cells taken from colon 
affected by cancerous process were transferred into plates 
with 24 wells containing a cellular culture medium formed by 
10% " of foetal bovine serum, penicillin (50 . U/ml), 
' streptomycin (50 mg/ml) and PEG 400 (polyethylenglycol). 
After 24 hours a part of the plates is inoculated with the 
tested compounds dissolved in the carrier (PEG 400). 96 hours 
after the inoculation of the compounds the// cellular growth 
was measured by haemocy tometer . The results, reported in 
Table 2, are expressed as percentage of the cellular 

■ 

proliferation with respect to the controls - 

The obtained results show that the compounds of the 
invention are much more effective in inhibiting the 
proliferation of the cancerous cells with respect to the 
corresponding native compounds. 
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EXAMPLE 'f3 

Determination of the antiproliferative activity of the 
compounds of the invention in cancerous epithelial cells of 
bladder and prostate - 

The experiment was carried out by using three human 

« 

epithelial cellular lines of the prostate cancer (PNTIA; 
LIiNCaP; PC3) and three human epithelial cellular lines of the 
bladder cancer (T24; 647V; 1207), the various types of 
cellular lin^s are identified on the basis of the 
characteristics, in particular of the aggressiveness, of the 
cancerous process. 

The cancerous cells are sown, with an initial 
concentration of 20,000 cells/cm^ , in plates having 96 wells 
"With a cellular culture medium RPMI added with foetal bovine 
serum 5% and L-Glutamine 1%. Solutions in dimethylsulphoxide 
of the tested compoxinds at three different concentrations (10'^ 
M; .10*^ M; 10 "*M) or the carrier (DMSO l*^/oo) added to the 

culture meditim. 4 days after the treatment the cellular growth 
was measured by the method with MTT ( 3- [4 ,5-dimethylthiazol-2- 
yl] -2,5-diphenyltetrazolium bromide) de-scribed by Turner in: 
Turner T., Chen P., Goodly L.J., Wells A. Clin. Exp. 
Metastasis 1996, 14, 409-418. The results, reported in Tcible 
3, are expressed as inhibition percentage of the cellular 

proliferation determined by measuring 1 j the cellular 

t . '• 

proliferation in the cellular cultxires treated with the tested 
compounds with respect to that measured in cellular cultures 
treated with dimethylsulphoxide l^/oo* 

« 

The results reported in Table 3 show that the 
nitrooxybutyl ester of sulindac (Ex. 18) at the 10'^ M 
concentration has a strong inhibitory effect on the 
proliferation of all kinds of cancerous cells examined; the 
compound of Ex. 16, reported in the Table with the simplified 
denomination of nitrooxybutyl ester of the ibuprofen der. with 
ferulic ac. and the compound of Ex. 17, reported in the Table 

-49- 



wo 02/30866 PCT/EPOl/11664 

with the simplified denomination of nitrooxybutyl ester of the 
f Ivirbiprofen der. with ferulic ac, are active in very 
aggressive prostate and bladder tumours, as it is shown by the 
results obtained on the cellular lines LNCaP and PC3, and 
647V, 1207. The compound of Ex. 1, reported in the Table with 
the simplified denomination of nitrooxybutyl ester of the 
aspirin der. with ferulic ac. is active, at 10'^ concentra- 
tions, in prostate tumo\irs as shown by the results obtained on 
the cellular lines LNCaP and PCS. 

EXAMPLE F4 

Determination in vitro of the effect of the compounds of the 
invention on the timidine incorporation in human Adeno- 
carcinoma HT29 cells - 

Human adenocarcinoma cells are sown on plates having 24 
wells (2.5 X 10^ cells/plate) with a standard culture medium. 

Af ter 24 hours some plates are inoculated with the tested 
compounds dissolved in dime thy Isulphoxide at a 200 JJM 
\ concentration and others are treated with the tested compounds 
dissolved in dimethylsulphoxide at a 200 pM concentration in 
the presence of a solution of cisplatinvim 25 pM. After. 15 
hours of incubation the plates are put into contact with a 

solution of ^H-timidine 1 |iCi/mol (RAS- 3,000 Ci/mol). 

The cell monolayer of each plate is first washed twice 

* 

with a cold saline buffer, then treated with TCA 
(trichloroacetic acid) at 5% for 10 minutes and then washed 
three times with absolute alcohol. The cells of each well are 
dissolved in 500 |J.l of NaOH 0,1N and the incorporated 
radioactivity is determined by scintallation counting. 

The obtained results are reported in Table 4 and 
expressed as percentage of ^H-Timidine incorporated in the 
cells treated with the tested compounds and in the presence of 
Cisplatinum, considering equal to 100 the amount of ^H- 
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Timidine incorporated in the cells treated only with 
Cisplatinum. * 



Table 1 



Activity, in the prevention of the liver injury induced by 

Concavalin A 


X J. Cd UlIlCXl L. 


Dose 
. (mg/kg) 


Liver injury 
% 


Treated controls 




100 


• 

Untreated controls 




2 


Paracetamol 


500 


160 


Nitrooxybutyl ester of the 
Paracetamol der. with ferulic 

acid 

(Ex. 8) 


500 


\ 

i 

8 


Paracetamol nitrooxybutyl ester 

(Ex. 9) 


500 


10 


Aspirin 


300 


120 


Aspirin ester with 5- 
iif trooxymethyl - 2 -hydroxymethyl 

pyridine 

(Ex. 3) 


^ f\ f\ 

300 


5 


Aspirin ester with 3- 
nitrooxymethyl - 2 - hydroxymethyl 

. pyridine 

(Ex. 4) 


300 il 

1 t 


7 


Sulindac 


200 


115 


Ester sulindac with 6- 
nitrooxymethyl - 2 -hydroxymethyl 

pyridine 

(Ex. 19) 


200 


• 

23 


Sulindac 4 -nitrooxybutyl ester 

(Ex. 18) 


200 


18 
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Table 2 



Activity in vitro on the proliferation of cancerous cells 


Treatment 


Concentration 
(JIM) 


Proliferation 
% 


Controls 




lUU 


Aspirin 


500 


100 


Nitrooxybutyl ester of the 

aspirin der.' 
with ferulic acid 

\\ ■ (Ex. 7) 


300 


50 


Aspirin ester with 3- 
nitrooxymethylphenol 

\;; > (Ex. 5) 


300 


. 40 


Aspirin ester with 4- 
ni tr ooxyme thy Iphenol 


10 

ft 


0 


Aspirin ester with 6- 
nitr ooxyme thyl - 2 -hydroxymethyl 

pyridine 

(Ex. 1) 


10 i ! 

u 


0 


* 

\\ Aspirin ester with 2- 
; \ ni tr ooxyme thy Iphenol 

(Ex. 20) 


20 


50 


' • • Sulindac 


50 


100 


Sulindac 4-nitrooxybutyl ester 

(Ex. 18) 


i "i 

1 

50 Li 


0 
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Table 3 

i r 



Determination in vitro of the inhibitory effect on the 
proliferation of cancerous human cells of prostate cancer and of 
bladder cancer of the compounds of the invention 



• 




Inhibition of the proliferative activity 










{ % 


) 






Compounds 


Cone. 


Human epithelial 


Human epithelial 




(M) 


cells 


of prostate 


cells 


of bladder 








cancer 




Ccincer 








PNTl A 


LNCaP 


PC3 


T24 


647V 


1207 


Sulindac 


10 ^ 


• 

3 


17 


5 


0 


9 


0 


•Nitrooxybutyl 
















ester 


10^ 


38 


74 


68 


82 


80 


74 


(Ex. 18) 




















81 


88 


74 


93 


92 


88 


Nitrooxybutyl 


10 * 


0 


8 


4 


0 


0 


2 


•ester of the 
















Ibuprof en der , 


10 ^ 


4 


33 


9 


0 


0 


0 

■ 


with 
















Ferulic acio. 




20 


60 


47 


22 


45 


43 


.(Ex. 16) 
















Nitrooxybutyl 


10"^ 


0 


1 


8 


0 


0 


■■\ 0 


ester of the 














1 
1 
1 


Flurbiprofen 


10'* 


2 


26 


20 


! ! ° 


13 


0 


der . wit:h 










« 






Ferulic acid 


10'' 


13 


58 


53 


23 


41 


34 


(Ex. 17) 
















Ni tr ooxybutyl 


10'^ 


0 


20 


1 


2 


0 


4 


ester of the 
















aspirin der. 


10'^ 


0 


47 


30 


0 


0 


24 


With Ferulic 














• 


acid 


10"* 


72 


81 


69 


55 


50 


82 


(Ex. 7) 
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Table 4 



Determination in vitro of the effect of some compounds on the 
timidine incorporation in human adenocarcinoma cells 


Treatment 

• 


Cone. 
(MM) 


Without 

Cisplatinum 


with 25 \M 
Cisplatinum 


Controls 




438 


100 


Carrier (DMSO) 




i' 1 

438 ! J 


100 


Salicylic, acid 
Comparison 


200 


438 


100 


3 - (nitrooxymethyl ) 

phenyl ester 
Of Salicylic aciu 

(Ex.15) 


200 


246 


50 

» 


Acetylsalicylic acid 
• • *• Comparison 


200 

• 


438 


100 


3 - ( nitrooxymethyl ) 

phenyl ester 
of Acetylsalicylic 
acid 

(Ex. 5) 


200 


192 

• 


46 

• 
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CLAIMS 

1. Use f or - preparing drugs for pre -cancer or cancer diseases 
on an inflammatory basis of nitroderivatives or salts 
thereof having the f ollowin general f ormjila ( I ) : 

A-Xi-L-{W)p-N02 (I) 

wherein : 

p. is an integer equal to 1 or 0; 
A = R-Tj-, wherein 

R is the radical of a precursor drug and it has 
the following formulas: 




(AI) 

wherein 

s is an integer and it is 1 or 0; 

^Ai is H, CH3. 

Ri is OCOR3, R3 being a C1.C5 linear or branched 

radical, MHCOR3, wherein | R3 has the above 

meaning, or R^ is OH, CH2CH(CH3)2, phenyl, 

benzoyl, 4, 6-dichlorophenylamino; | 

Rg is H, or one halogen atom, preferably 

fluorine; 

or Rj and Rg, when are located in the adjacent 
positions 4 and 5 of the aromatic ring of 
formula (AI), form the radical of following 
formula (Ala): 




(Ala) 
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or R can be the following formula: 




(All) 

= (CO)t or (X)t./ wherein X = 0, S, NRic/ Ric 
H or a linear or branched alkyl, having from 1 to 
5 carbon atoms, t and t* are integers and equal 
to zero or 1, with the proviso that t = 1 when 
f = 0; t = 0 when t* = 1; 
= -Tb-Y-Tbi- wherein 



Tb and are equal or different; 
Tb= (CO) when t = 0, Ta = X when t 
as above; 



= 0, X being 



Tbi= (CO)tx ox (X)txxr wherein tx and txx have the 
value of 0 or 1; with the proviso that tx = 1 

* 

when txx = 0; and tx = 0 when txx = 1; X is as 
above; 

Y is a bivalent linking group selected from the 
following: 



Y3— [C]^„ 



IX' 



R 



TIIX • 



{ID 



wherein: 



nix is an integer in the range 0-3, preferably 
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1; 



nllX is an integer in the range 1-3, preferably 
1; 

Rfix' Rtix'' ^ix' Rtiix*/ equal to or different from 
each other are H or a C^-C^ linear or branched 
alkyl; preferably K^jj^, Rpjxw Rtiix> Rtiix* sure H; 

is a saturated, unsaturated or aromatic 
heterocyclic ring, having 5 or 6 atoms, 
containing one or two nitrogen atoms, 

an al]<ylene group R' wherein R' is a Cj-Cao linear 
or branched when possible, preferably having from 
2 to 6 carbon atoms, optionally substituted with 
one or more of the following groups: 
-NHCORa, wherein R3 is as above, -NHj, -OH or 
a cycloalkylene having from 5 to 7 carbon atoms, 
optionally substituted with side chains R', R' iJ 

« 

being as above , one or more carbon atoms of the 
cycloalkylene ring can optionally be substituted 
by heteroatoms; or 





(III) 



i i 

• 
I 

I 
I 



wherein n3 is an integer from 0 to 3 and n3* is 
an integer from 1 to 3; 



(CH2)n3' 




HOOC 



(CH,) 



2/n3 



(IV) 
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wherein n3 and n3 • have the above meaning , 



wherein 

R4 is hydroxy, hydrogen, R5O- alkoxy wherein R5 
is a Ci-CiQ linear or branched or cyclic alkyl 
group, preferably R5 is a methyl group; 
Rj is a C2'CiQ linear or branched alkenylene 
group which can contain one or more double 
bonds, preferably Rj is the ethenylene group 
(-CH=CH-); or . 




R 



(V) 



R 



If 



R 



If 




ONO 



2 



0NO2 



(VI) 



— CHj-CH-CHj- (O-CH2-CH-CH2), 
ONOj ONOj ; I 



{VII ) 



R 



If 



— CH-CHj- (O-CH-CH2) 



R 



If 



(VIII) 
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— CH^-CH- (O-CH2-CH) 




R 



If 



(IX) 



wherein Rif = H, CH3 and nf is an integer from 0 

to 6; preferably from 0 to 4; 
L = covalent bond, or L - X, X being as above, or 
L = CO; 

W = Y^-O wherein has the same meanings of Y and Y^ 
in the compound of formula (I) is equal to or 
different from Y. 



2. use according to claim 1, wherein the diseases on an 
inflammatory basis are those affecting the digestive 
apparatus, preferably the intestinal tract, such as 
colites, gastrites, enterites, duodenites; besides 
hepatopathies and tumoral processes related to diseases 
on cin inflammatory basis - 

3. Use according to claims 1-2, wherein: • 

when in formula (AI), is . an acetylo3<y group in 

: position 2 of the ring, s = 0 and Rg = H and the- free 
valence of the radical R is saturated with the -COOH 
group, the compound is known as Acetylsalicylic Acid, 
when in formula (AI) R^ is a hydroxyl group in position 2 
of the ring, s = 0 and Rg = H and the free valence of the 
radical R is saturated with a -COOH group, the compovind 
is knon as Salicylic Acid, 

when in formula (AI) R^ is an acetylamino group in 
poistion 4 of the ring, s = 0 and Rg = H and the free 
valence is saturated with a -OH group, the compound is 
known as Paracetamol, 

when in formula (AI) Rj is CH2CH( 0113)2 in position 4 of the 
ring, s = 1, R^j = CH3 and Rg = H and the free valence is 
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saturated with a COOH group, the compound is known as 
Ibuprofen, 

when in formula (AI) is phenyl and is in position 4 of 
the. ring, s = 1, R^i = CH3 and = F in position 3 and 
the free valence is saturated with a -COOH group, the 
compound is known as Flurbiprofen, 

when in formula (All) the free valence is saturated with 
the -COOH group, the compound is known as Sulindac, 
when in formula (AI) Rj and Rg are the radical of 
formula (Ala) and they are connected with the positions 

4 and 5 of the ring, s = 1, R^ = CH3, Rg = H and the 
* free valence is saturated with a -COOH group, the 

compound is known as Naproxen, 

when in formula (AI) R^ is a benzoyl radical in position 

5 of the aromatic ring, s = 1, R^i = CH3, Rg = H and the 
free valence is saturated with a -COOH group, the 
compound is known as Ketoprofen, 

when in formula (AI) R^ = 2, 6-diclorof enilammino in 
•position 2 of the ring, s = 1, R^i = H, Rg = H and the 
free valence is saturated with a -COOH group, the 
compound is known as Diclofenac. 
4. Use according to claims 1-3, wherein in formula (II) 
of the linking group Y of in formula (I) is selected 
frcjm the following bivalent radicals: . / 




(YD 



(Y2) 



(Y3) 



(Y4) 



(Y5) 



(Y6) 




N 



H 
N 



N 



(Y7) 



{Y8) 



(Y9) 



(YIO) 



(Yll) 
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lis. ^ . ■ N 

' H • H H 



(Y12) (Y13) {Y14) (Y15) 

5. Use according to claim 4, wherein Y^ is an aromatic ring 
having 6 atoms, containing one nitrogen atom, said 
aromatic ring having the two free valences respectively 
in the positions 2 and 6, or 2 and 3 or 2 and 5 with 
respect to the heteroatom. 

6. Use according to claims 4-5, wherein Y^ is Y12 (pyridyl), 

7. Use according to claims 1-.6, wherein in formula (1): 

when in formula (AI) s = 0 and Rg = H: 

R is a radical of formula (AI) wherein the 
substituent Rj is in position 2 of the aromatic 
ring, and it is selected between acetyloxy or 
hydroxyi, or it is an acetylamino group and 
then it is in position 4; -Ti-Tb- is a -CO-0- or 
-0-OC- ester group; Y of the radical is a 
bivalent linking group selected from the 
following : 

a radical of formula (III) as above, 
wherein, n3 = 0 and n3' =1, 
a radical of formula (11) as above wherein 
Y^ is Y12 as above defined ,\\ 
a radical of formula (VIII) as above 
wherein R^f is hydrogen and nf = 1; 
Tgi = -0-, L = covalent bond; p = 0; 
R is a radical of formula (AI) wherein the 
substituent R^ is in position 2 of the aromatic 
ring, and it is selected between acetyloxy or 
hydroxyl, or it is an acetylamino group and 
then it is in position 4;. -Ti-Tg- is a -CO-0- or 
-O-OC- ester group; Y of the radical is a 
bivalent linking group having formula (V) as 
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above wherein is a methoxyl group and = 
-CH=CH-; -T31-L- is a -CO-0- or -0-OC- ester 
group; p = 1; W = YO wherein Y is -{CHa)^- or 
-(CH2)3-; 

R is a radical of formula (AI) wherein the 
substituent R^ is in position 4 of the aromatic 
ring, and it is acetylamino; -Ti-Tb- = -0-C0-; Y 
of the radical is -(CHaja-.; -TBi"Ii-= -O- (L = 
covalent bond); p = 0; 

R is a radical of formula (AI) wherein the 
substituent Rj is in position 4 of the aroamtic 
ring, and it is acetylamino; -Ti-Tg- = -0-C0-; Y 
of the radical is an ethylene group 

substituted with an acetylamino group: 
-CH(NHCOCH3)-CH2- ; 'T^'l^' = -S-CO-; p = 1; W = 
YO wherein Y is -{CHJj-; 
when in formula (AI) s = 1: 

R is a radical of formula (AI), Rg = H or F in 
position 3 of the ring, R^ = CH2CH( 0113)2 or 
phenyl in position 4, -Tj-Tb- is a -CO-0- ester 
group; Y of the radical X^ is a bivalent 
linking group having formula (V) as above 
wherein R4 is a methoxyl group and = -CH=CH- ; 
-Tbi-L- is a -CO-0- ester group; p = 1; W = YO 

! I 

wherein Y is -(CH2)3-; jj 
when in formula (I) R is a radical of formula (All), 
-Ti-Tb- = -C0-0-; Y of the radical X^ is a bivalent 
linking group selected from the following: 

a radical of formula (II) as above wherein Y3 

is Y12 as above., 

-(CHa)^-; 

-Tbi" = -0-, L = covalent bond; p = 0. 
8. use according to claims 1-7, wherein the compounds are 
selected from the following: 
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when the drug radical has formula (AI) the compounds 

of formula (I) are the following: 
2- (ace tyloxy) benzoic acid 3- (nitrooxymethyl ) phenyl ester, 
2 - ( hydroxy ) benzoic , acid 3 - ( nitrooxyme thyl ) phenyl ester , 
2- (acetyloxy) benzoic acid 4- (nitrooxyme thyl) phenyl ester, 
2- (hydroxy )benzoic acid 4- (nitrooxyme thyl) phenyl ester, 
2- (acetyloxy) benzoic acid 2- (nit rooxyme thyl) phenyl ester, 
2- (hydroxy) benzoic acid 2- (nitrooxyme thyl) phenyl ester, 
2 - ( acetyloxy ) benzoic acid 6 - ( ni trooxymethyl ) - 2 -methyl 
pyridinyl ester hydrochloride, or nitrate, 
2" (hydroxy) benzoic acid 6- (ni trooxymethyl ) -2-methyl 
pyridinyl ester hydrochloride, or nitrate, 
2 - ( acetyloxy ) benzoic acid 5 - ( ni trooxymethyl ) - 2 -methyl 
pyridinyl ester hydrochloride, or nitrate, 
2- (hydroxy )benzoic acid 5- (nitrooxyme thyl ) -2-methyl py- 
ridinyl ester hydrochloride or nitrate, 

2 - ( acetyloxy ) benzoic acid 3 - ( nitrooxyme thyl ) - 2 -methyl 
pyridinyl ester hydrochloride, or nitrate, 

2- (hydroxy) benzoic acid 3- (ni trooxymethyl ) -2-methyl py- 
ridinyl ester hydrochloride, or nitrate, 

trans - 3 - [ 4 - [ 2 - acetyloxybenzoyloxy ] - 3 -methoxy phenyl ] - 2 - 

« 

propenoic acid 4- (nitrooxy)butyl ester, 

trans - 3 - [ 4 - [ 2 -hydroxybenzoyloxy ] - 3 -methoxyphenyl ] - 2 - 

propenoic acid 4- (nitrooxy)butyl ester, ; i 

4- (nitrooxy)butanoic acid 4- (acetylamino) phenyl ester, 

trans - 3 - [ 4 - ( 4 ' -ni trooxybutyryloxy ) - 3 -methoxy phenyl ] - 2 - 

propenoic acid 4- (acetylamino) phenyl ester, 

3- (nitrooxyme thyl ) - benzoic acid 4- (acetylamino) phenyl 
ester, 

4 - ( ni trooxymethyl ) - benzoic acid 4 - ( acetylamino ) phenyl 
ester, 

2 - (nitrooxyme thyl ) -benzoic acid 4 - ( acetylamino ) phenyl 

« 

ester, 
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5 - ( ni tr ooxymethyl ) pyridin - 2 - carboxyl ic acid 4 - ( acetyl 
amino ) phenyl ester, 

6- (nitr ooxymethyl) -pyridin- 2 -carboxylic acid 4- (acetyl 
amino )phenyl ester, 

3- (nitrooxymethyl) -pyridin- 2- carboxyl ic acid 4- (acetyl 
amino) phenyl ester, 

5 - (nitrooxymethyl ) -pyridin- 2 - carboxylic acid 4 - ( acetyl 
amino) phenyl ester, 

5- (nitrooxymethyl) pyridin- 2 -acetic acid 4- (acetyl amino) 



acid 4 - ( acetyl amino ) 



ac id 4 - ( acetyl amino ) 



phenyl ester, 

6 - (nitrooxymethyl ) pyridin- 2- ac.etic 
phenyl ester, 

3- (nitrooxymethyl) pyridin- 2 -acetic 
phenyl ester, 

\ 

*3- [ (2-nitrooxy)ethyloxy]propanoic • acid 4- (acetyl amino) 
phenyl ester, 

trans 3- [4- (4' -nitrooxybutyryloxy) -3-methoxy] phenyl-2- 
propenoic acid 4- (ace tylamino) phenyl ester, 
2 - ( acetylamino ) - 3 - ( 4 -nitrooxybutyryl ) - 3 -mercapto 
propanoic acid 4- (ace tylamino) phenyl ester, 

trans - 3 - [ 4 - [ a-methyl - 4 - ( 2 -methyl propyl ) phenyl acetyloxy ] - 

- 3 -me thoxyphenyl ] - 2 - propenoic acid 4 - nitrooxybutyl 
ester, 

trans 3 - [4 - [2-f luoro-a-methyl(l,l' -biphenylyl) - acetyloxy] 

- 3 -methoxyphenyl ] - 2 -propenoic acid 4 -nitrooxy butyl 
ester, \ ^ 

(S) 6-metoxy-a-methyl-2-naphtalenacetic acid 2-methoxy- 

4- [ (IE) -3-14- (nitrooxy)butoxy] -3-oxo-l-propenyl]phenyl 
ester, 

(S) 6.-metoxy-a-methyl-2-naphtalenacetic acid 3- (nitrooxy 
methyl) phenyl ester, 

(S) 6-metoxy-a-m*ethyl-2-naphtalenacetic acid 6- (nitrooxy 
methyl ) - 2 -methylpyridinil ester , 
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■ 

(S/S) -N- acetyl -S - ( 6-inetoxy-a-methyl-2-naphtaleneacetyl) 
cysteine 4- (nitrooxy)butyl ester, 

2" [{2, 6 -dichlorophenyl ) amino ]benzeneacetic acid 6 - ( nitro 
oxymethyl) -2-methylpyridinil ester cliloridrate , 

when the drug radical has formula All the compounds 

* 

of formula (I) cire the following: 

(Z) -5-f luoro- 2 -methyl -1- [ [4- (methylsulphinyl) phenyl] 
methylene] -IH-inden- 3 -acetic acid 4- (nitrooxy) butyl 
ester, 

(Z) -5-f luoro-2-methyl-l- [ [4- (methylsulphinyl ) phenyl] 
methylene] -IH-inden- 3 -acetic acid 6- ( nitrooxy - 
methyl) -2-methyl pyridinyl ester hydrochloride, or 
nitrate , 

(Z) -5-f luoro-2-methyl-l- [ [4- (methylsulphinyl) phenyl] 
methylene] -IH-inden- 3 -acetic acid 5- (nitrooxy- 
methyl )- 2 -methyl pyridinyl ester hydrochloride, or 
nitrte, 

(Z) -5-f iuoro- 2-methyl -1- [ [4- (methylsulphinyl )phenyl] 
methylene] -IH-inden- 3 -acetic acid 3- ( nitrooxy - 
methyl )- 2 -methyl pyridinyl ester hydrochloride, or 
nitrate, 

9, Use according to claims 1-8, wherein for the prevention 
and/or treatment of tumoral diseases the compoxinds of 
claims 1-8 are administered in CQpibination with 
chemotherapeutic drugs or in the radiotherapeutic 
treatment . 

10 . Compounds according to claim 8 - 
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Continuation of Box 1.2 
Claims Nos. : 1-2,4-7,9 



Present claims 1-2,4-7,9 relate to an extremely large number of possible 
compounds. Support within the meaning of Article 6 PCT and/or disclosure 
within the meaning of Article 5 PCT is to be found, however, for only a 
very small proportion of the compounds claimed. In the present case, the 
claims so lack support, and the application so lacks disclosure, that a 
meaningful search over the whole of the claimed scope Is Impossible. 
Consequently, the search has been carried out for those parts of the 
claims which appear to be supported and disclosed, namely those parts 
relating to the claims 3, 8 and 10 and the examples. 

The applicant's attention Is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 



